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SECTION  I 


INTRODUCTION 


High  performance  aerospace  systems  are  dependent  on 
materials  that  are  lighter,  have  improved  mechanical 
properties,  and/or  offer  a  cost  savings.  Aluminum  alloys 
that  met  this  criteria  were  the  newly  developed 
aluminum-lithium  alloys  and  the  second  generation  powder 
metallurgy  alloys. 

In  1985  the  Air  Force  along  with  the  aerospace 
community  found  it  important  to  investigate  the  potential  of 
these  promising  aluminum  alloys.  A  cooperative  program  was 
formed  by  the  WRDC  Materials  Laboratory,  Systems  Support 
Division  and  a  number  of  aerospace  industries.  The  Air 
Force  would  obtain  the  test  material  from  the  producers, 
compile  the  test  data,  and  submit  reports  to  the 
participants.  The  participants  agreed  to  support  the 
program  by  performing  mechanical  property  tests  which 
includes  tension,  compression,  bearing,  shear,  fracture 
toughness,  and  fatigue  related  properties  (S/N,  da/dn) .  The 
Air  Force  elected  to  perform  spectrum  fatigue  crack  growth 
testing  on  most  alloys.  A  list  of  participants  is  shown  in 
the  following  table. 

This  interim  report  contains  only  the  aluminum-lithium 
alloys  produced  by  Pechiney:  2091-T3  sheet  0.063  inch 
thick,  2091-T351  plate  0.42  inch  thick,  2091-T6  forging,  and 
8090-T651  T-extrusion.  Comparisons  to  other  materials,  and 
ranking  of  materials  is  generally  avoided  since  each 
potential  application  may  be  baised  on  different  evaluation 
criteria . 
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Participants  and  Advanced  Aluminum  Alloys 
in  the  Cooperative  Test  Program 


PAimci  PANTS 
AVCO,  TN 
Wyman-Gordon 
Boeing,  WA 

Douglas  Aircraft,  CA 
General  Dynamics,  CA 
General  Dynamics,  TX 
Gnmnan  Aerospace,  NY 
Lockheed,  CA 
Lockheed,  GA 
LTV.  TX 

Martin  Marietta,  LA 
McDonnell  Douglas  Astro,  CA 
McDonnell  Douglas  Helicopter,  AH 
MCAIR,  K> 

NASA.  VA 

Naval  Air  Development  Center 

Northrop,  CA 

Sikorsky,  CT 

Jet  Propulsion,  CA 

Air  Force  WPAF8,  OH 
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SECTION  II 


MATERIALS  AND  TESTS 

The  aluminum-lithium  alloys  tested  were  2091  which  was 
developed  for  maximum  damage  tolerance  and  8090  which  is  a 
damage  tolerant,  higher  strength  alloy. 

Basic  mechanical  tests  including  fatigue,  fatigue  crack 
growth,  spectrum  fatigue,  and  stress  corrosion  tests  were 
performed  by  the  participants.  ASTM  standards  were  used  for 
testing  when  applicable. 
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SECTION  III 


PRESENTATION 

The  purpose  of  this  effort  was  to  generate  mechanical 
property  data  on  newly  developed  aluminum  alloys. 

Each  participant  compiled  a  data  package  which 
contained  the  data  they  generated.  Some  of  these  data 
packages  contain  discussions  and  in  other  cases  only  the 
data  were  provided.  The  tensile,  compression  ,  bearing, 
shear,  and  fracture  toughness  data  from  each  package  were 
put  in  tabular  form.  Fatigue,  fatigue  crack  growth,  and 
spectrum  fatigue  crack  growth  data  were  placed  in  tabular 
and  graphical  form.  Corrosion  results  were  prepared  in 
tabular  and  written  descriptions. 

Constant  amplitude  fatigue  crack  growth  tests  were 
conducted  according  to  ASTM  E6U7  Standard  unless  otherwise 
specified.  The  A-N  data  supplied  were  reduced  using  a 
seven-point  Incremental  polynomial  method.  This  involves 
fitting  a  second-order  polynomial  (parabola)  to  sets  of 
seven  successive  data  points.  K-increasing  (load 
Increasing)  method.  The  most  often  used  spectrums  were 
FALSTAFF  and  Mini-TWIST.  Corrosion  results  were  documented 
almost  exactly  as  they  were  received  from  the  participants. 
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SECTION  IV 


RESULTS  AND  DISCUSSIONS 

This  interim  report  contains  only  the  aluminum-lithium 
material  produced  by  Pechiney.  There  are  four  appendices  to 
this  report.  Each  appendix  contains  the  results  for  a 
specific  alloy  and  product  form.  The  following  table  li3ts 
the  form,  aluminum-lithium  alloy  and  the  appendix  for  the 
four  combinations. 


Table 

Contents  of  Appendices 

Form 

Aluminum-Lithium  Alloy 

Appendix 

Plate 

2091-T351  and  2091-T8X 

A 

Sheet 

2091-T3  and  2091-T8X 

B 

Forging 

2091-T6 

C 

T-Extrusion 

8090-T651 

D 

Some  of  the  alloys  were  re-heat  treated  by  the 
participant  from  the  T3  condition  to  a  temper  that  would 
give  them  the  optimum  properties  of  their  interest.  The 
procedures  used  for  tempering  are  included  on  the  second 
page  of  each  appendix. 
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SECTION  V 


CONCLUSIONS 

Eleven  aerospace  laboratories  participated  in 
generating  data  on  the  Pechiney  aluminum-lithium  materials 
for  the  cooperative  test  program.  These  data  combined  with 
future  interim  reports  on  the  Air  Force/Industry  Cooperative 
Test  Program  on  Advanced  Aluminum  Alloys  will  provide  an 
extensive  data  base  on  aluminum-lithium  alloys. 


APPENDIX  A 


PECHINEY  2091-T351  AND  2091-T8X  PLATE 
(0.42"  X  39"  X  39") 


INTRODUCTION 

The  Pechiney  2091-T351  0.42-inch  plate  was  received  the 
second  quarter  of  1986.  Some  participants  heat  treated  the 
2091-T351  to  a  T8X  temper.  Three  participants  heat  treated 
the  plate  to  a  T8X  temper;  Northrop  -  T8  condition  was 
achieved  by  aging  the  2091  plate  at  275°  for  12  hours, 
Grumman  (-T8X)  at  275°F  for  12  hours,  and  General  Dynamics, 
TX  (-T851)  at  335  F  for  16  hours. 

TESTING 

Basic  mechanical  properties  (tension,  compression, 
bearing,  etc.)  were  tested  according  to  ASTM  standards, 
unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were 
conducted  according  to  ASTM  E647  standard.  The  growth  rate 
a-N  data  that  was  generated  by  the  participants  (Northrop, 
Grumman,  General  Dynamics  CA,  and  Air  Force)  were  reduced 
using  a  seven-point  incremental  polynomial  method.  This 
involves  fitting  a  second-order  polynomial  (parabola)  to 
set3  of  seven  successive  data  points.  The  data  are  also 
checked  against  size  requirements  per  ASTM  E647*  Section 
7.2.  General  Dynamics,  TX  performed  constant  amplitude 
fatigue  crack  growth  tests  using  a  K-increasing  (load 
increasing)  method. 

Spectrum  tests  were  performed  by  the  Air  Force  using 
FALSTAFF  (a  severe  fatigue  environment)  and  Mini-TWIST  (a 
moderately  intense  fatigue  environment)  spectrums. 
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PECHINEY 


2091-T351  PLATE 
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TABLE  A1 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42'  X  39‘  X  39') 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELONG  RA 

TEMP  ATION  STRENGTH  STRENGTH  (%)  (X) 


(DEGREES  F) 


BOEING.  WA 

RT 

LONG 

GENERAL 
DYNAMICS.  CA 

RT 

LONG 

NADC 

RT 

LONG 

NORTHROP 

RT 

LONG 

MARTIN 

MARIETTA.  LA 

RT 

LONG 

AVERAGE 
STANDARD  DEVIATION 


(KSI )  TKSI) 


64. 

,5 

51 . 

.3 

17. 

.0 

64. 

.  5 

51 . 

.  2 

16. 

.0 

64. 

,6 

51 . 

4 

17. 

0 

64. 

,  3 

51  . 

,3 

10. 

.  2 

20. 

.  2 

63. 

.  8 

53. 

,  7 

12. 

,  4 

23. 

1 

63. 

.9 

51  . 

.  0 

12 

.5 

25. 

.8 

64. 

,3 

50. 

.  8 

10. 

.  2 

20. 

.0 

68. 

.2 

55  . 

.5 

15, 

.0 

67  . 

,9 

57. 

.0 

16. 

.0 

68. 

,  2 

55. 

.  2 

15. 

.0 

67. 

9 

56. 

.  5 

16. 

.0 

66. 

.7 

54. 

.7 

10. 

.6 

18. 

.5 

67. 

.3 

55. 

2 

11. 

.0 

18. 

.  1 

66 

.  9 

54 

.8 

11 

.  3 

19, 

.  5 

64. 

.9 

52. 

.  1 

15, 

.0 

15. 

.0 

64. 

.5 

52  , 

.  7 

14 

.0 

14 

.  0 

64  . 

.7 

52. 

.  3 

15, 

.0 

13. 

.0 

65.9 

53.6 

13.2 

18.6 

1 . 7 

2.  1 

2.2 

3.8 

E 

(MSI) 


10.8 

10.9 

10.9 

11.4 

11.2 

10.4 

11.7 

10.7 

11.3 

11.3 

11.7 


11.1 

0.4 
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TABLE  A2 


COMPANY 


BOEING.  WA 


GENERAL 
DYNAMICS.  CA 


NADC 


NORTHROP 


MARTIN 

MARIETTA.  LA 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42‘  X  39‘  X  39‘) 


TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

RT 

L  TRANS 

64.5 

65.3 

64.8 

RT 

L  TRANS 

64.7 
64 . 4 
64.6 
65.2 

RT 

L  TRANS 

67.9 
c  6 . 2 
67.3 
66.2 

RT 

L  TRANS 

67.2 

67.7 

67.6 

RT 

L  TRANS 

65.  B 
65.4 
65.2 

AVERAGE 

65.9 

STANDARD 

DEVIATION 

1 .2 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(%) 

E 

(MSI) 

44.8 

20. 

.0 

45.6 

18 

.0 

45.5 

19. 

.0 

46 . 3 

13 

.  8 

21  . 

.9 

1 1 

.  0 

46 . 5 

13 

.  4 

24. 

.  4 

11 

.  1 

46.7 

15. 

.  9 

22. 

.  1 

10 

.9 

47  .  " 

14. 

.2 

22. 

.  2 

11 

.2 

50.9 

15. 

.  0 

10 

.3 

49.9 

16. 

,  0 

1 1 

.7 

49.9 

16. 

.0 

12 

.2 

49.9 

15. 

,0 

10 

.7 

49. 1 

12 

.  1 

23. 

.4 

11 

.  7 

49. 1 

12, 

.  4 

22. 

.0 

11 

.7 

49.0 

12. 

.8 

24. 

8 

12 

.3 

46 . 6 

16. 

.0 

15. 

0 

46.0 

20. 

.0 

17. 

0 

46.6 

18. 

0 

15. 

0 

47 . 6 

15.0 

20.4 

11.3 

1 . 9 

2 . 2 

3.3 

0.6 

* 
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TABLE  A3 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42"  X  39'  X  39') 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

BOEING.  WA 

RT 

LONG 

42.7 

42.8 

42.6 

GENERAL 

RT 

LONG 

42.0 

DYNAMICS.  CA 

41.7 

41.6 

NADC 

RT 

LONG 

44.7 

44.7 

42.3 
43.9 
45.5 

47.3 

47.3 

MARTIN  RT  LONG  44.5 

MARIETTA.  LA 


AVERAGE  43.8 

STANDARD  DEVIATION  1.9 


COMPRESSIVE 

MODULUS 

(KSI) 


11.4 

11.6 

11.7 


12.4 


11.8 

0.4 
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TABLE  A4 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T351  PLATE  (0.42"  X  39‘  X  39*) 


COMPANY  TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

BOEING.  WA 

RT 

L  TRANS 

48.7 

GENERAL 

RT 

L  TRANS 

48.6 

48.8 

41.1 

11.4 

DYNAMICS.  CA 

NADC 

RT 

L  TRANS 

48.4 

48.0 

50.9 

11.6 

11.7 

MARTIN 

RT 

L  TRANS 

49.9 

49.4 

47.2 

52.8 

47.7 

51.7 

51.6 

12.5 

MARIETTA.  LA 

AVERAGE 

48.9 

11.8 

STANDARD  DEVIATION  2.B  0.5 
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TABLE  A5 


RIVET  SHEAR  RESULTS  FOR  PECHINEY 
209I-T351  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

GENERAL  DYNAMICS.  CA 

LONG 

34 . 3 

33.9 

33.4 

AVERAGE 

33.9 

STANDARD  DEVIATION 

0.5 

TABLE  A6 

RIVET  SHEAR  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39') 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


GENERAL  DYNAMICS.  CA  L  TRANS  32.6 

36.6 
33 . 0 

AVERAGE  34.1 

STANDARD  DEVIATION  2.2 
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TABLE  A7 


COMPANY 


BOEING. 


BOEING. 


BOEING. 


BOEING. 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39*) 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


WA  L-€  35.2 

35.3 

35.2 

AVERAGE  35.2 

STANDARD  DEVIATION  0.1 

WA  L-T  38.2 

38.0 

37.9 

AVERAGE  38.0 

STANDARD  DEVIATION  0.2 

WA  T-S  34.4 

34.0 

34.5 

AVERAGE  34.3 

STANDARD  DEVIATION  0.3 

WA  T-L  38.0 

38.0 

37.9 

AVERAGE  38.0 

STANDARD  DEVIATION  0.1 
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TABLE  A8 


BEARING  RESULTS  FOR  PECHINEY 


COMPANY 

2091-T351  PLATE 

ORIENTATION 

(0.42*  X 

•  /D 

39*  X  39*) 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING.  WA 

LONG 

1 . 5 

88.0 

66.4  » 

87.0 

67.2 

90.0 

67.2  • 

GENERAL 

LONG 

1 .5 

90.8 

81 .6 

DYNAMICS.  CA 

89.4 

72 . 0 

89.4 

70.5 

AVERAGE 

89.  1 

70 . 8 

STANDARD 

DEVIATION 

1 .4 

5 . 7 

(*):  INDICATES  SHEAR  TEAR  OUT  FAILURE 


TABLE  A9 

BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  10.42’  X  39’  X  39') 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR 
(KSI  .' 

BOEING.  WA 

L  TRANS 

1.5 

90.9 

66.  1 

90.0 

66 . 4 

90.9 

67  7 

GENERAL 

L  TRANS 

1.5 

91 .9 

72  3 

DYNAMICS.  CA 

92 . 5 

71.7 

89.7 

71.8 

AVERAGE 

91.0 

69 . 3 

STANDARD 

DEVIATION 

1  .  1 

2 . 9 
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TABLE  A10 


BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42'  X  39*  X  39*) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT .  STR . 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING.  WA 

LONG 

2.0 

111.0 

79.8 

111  .8 

81.0 

110.3 

81.5 

GENERAL 

LONG 

2.0 

113.9 

90.6 

DYNAMICS.  CA 

115.8 

85.8 

113.5 

86.4 

AVERAGE 

112.7 

84 . 2 

STANDARD 

DEVIATION 

2.  1 

4  .  1 

TABLE  All 

BEARING  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39'  X  39') 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI ) 

BOEING.  WA 

L  TRANS 

2.0 

114.8 

82 . 3 

112.6 

82 . 3 

115.2 

83.2 

GENERAL 

L  TRANS 

2 . 0 

113.0 

87 . 6 

DYNAMICS.  CA 

114.2 

95.  1 

114.6 

87 . 4 

AVERAGE 

114.1 

86 . 3 

STANDARD 

DEVIATION 

1 .0 

4.9 
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TABLE  A12 


FRACTURE  TOUGHNESS  RESULTS  FOR  PECHINEY 
2091-T351  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

KIC  Xq 

COMMENT 

(XSI  in*0 . 5)  (KSI  in'0.5) 

GENERAL 

DYNAMICS. 

CA 

L-T 

37.0 

34.5 

(1.2.3) 

(1.2.3) 

35.4 

(1.2.3) 

NADC 

L-T 

42.6 

(1) 

42.6 

(1) 

40.6 

(1) 

36.6 

(1) 

AVERAGE 

38.5 

STANDARD  DEVIATION 

3.4 

(1)  : 

INVALID 

DUE 

TO 

(2)  : 

INVALID 

DUE 

TO 

(3)  : 

INVALID 

DUE 

TO 

Pmax/Pq  >  1.10 
a  <  2 . 5 (KQ/Fty) *2 
B  <  2. 5 (KQ/Fty) *2 
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TABLE  A 13 


FRACTURE  TOUGHNESS 

RESULTS 

FOR  PECHINEY 

2091-T351  PLATE 

(0.42* 

X  39*  X  39') 

COMPANY 

ORIENTATION 

KIC 

Kq 

COMMENT 

(KSI 

in'O . 5) 

(XSI  in‘0.3) 

GENERAL 

T-L 

38.7 

(1.2,3) 

DYNAMICS. 

CA 

36.5 

(1,2.3) 

33.0 

(1.2.3) 

AVERAGE 

36. 1 

STANDARD  DEVIATION 

2.9 

(1)  : 

INVALID 

DUE 

TO 

Pmax/Pq  >  1.10 

(2)  : 

INVALID 

DUE 

TO 

a  < 

2 . 5 (KQ/Fty) *2 

(3)  : 

INVALID 

DUE 

TO 

B  < 

2 . 5 (KQ/Fty ) *2 

18 


R-CURVE  FOR  2091  PLATE  (longitudinal) 

(effective  crack  length  adjusted  for  plastic  zone) 


HALF  EFFECTIVE  CRACK  LENGTH.  Ae  (Ae-Ao+Ap+rho)  in  inches 

Figure  A1  R-Curve  Results  for  2091-T351  0.42"  Plate  (longitudinal). 
Martin  Marietta  LA. 


R-CURVE  FOR  2091  PLATE  (transverse) 

(effective  crack  length  adjusted  for  plastic  zone) 


1.0  1.5  2.0  2.5  3.0  3.5 

HALF  EFFECTIVE  CRACK  LENGTH.  Ae  (Ae.Ao*Ap+rho)  in  inches 


Figure  A2  R-Curve  Results  for  2091 -T351  o.42"  Plate  (transverse). 
Martin  Marietta  LA. 
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Kr.  ks\J\ 


HALF  CRACK  LENGTH,  inches 


Figure  A3  R-Curve  Results  for  2091-T351  0.42"  Plate  (longitudinal) 
Martin  Marietta  LA. 


R-CURVE  FOR  2091  PLATE  (transverse) 


Figure  A4  R-Curve  Results  for  2091-T351  0,42"  Plate  (transverse) 
Martin  Marietta  LA  " 


TABLE  A14 


DATA  FOR  SPECIMEN  NO.  \  2091 
LONGITUDINAL  PLATE 


Load,  kips 

1 

1 

|  Half  Crack 

1  Length 

i  (c)  Inch 

1 

1 - 

1  Half 

1  Crack  Length, 

1  {c  +  rho) 

1  Inch 

1 

1  Corresponding  Fracture 

|  Toughness,  ksi  ./ inch 

I  Not  Adjusted  1  Adjusted  for 

I  1  Plasticity 

1  1 

C.00 

1 

I  1 .202 

1  1 .202 

1 

I  0.0 

0.0 

20.14 

1  1.217 

1  1.229 

I  12.44 

14.57 

40.32 

1  1 .257 

I  1.310 

1  25.41 

30.34 

50.22 

I  1 .282 

I  1.369 

I  32.05 

38.8 

60.00 

1  1 .292 

1  1.422 

|  38.48 

47.34 

69.98 

I  1 .297 

1  1.491 

|  44.99 

57.88 

79.64 

I  1 .297 

1  1.567 

I  51 .33 

68.3 

85.98 

I  1  -31 2 

1  1.711 

i  58.28 

82.93 

94.90 

I  1 .342 

1  1.857 

I  62.38 

94.28 

Thickness  * 

.420  inch 

Yield  * 

52.4  ksi 

Specimen  Width  * 

7.00  inch 
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TABLE  A15 


DATA  FOR  SPECIMEN  NO.  2  2091 
LONGITUDINAL  PLATE 


Load,  kips 

1 - 

1 

1  Half  Crack 

I  Length 

1  (c)  inch 

1 

1  1 
1  Half 

1  Crack  Length, 

1  (c  +  rho) 

1  Inch 

1 

Corresponding  Fracture 
Toughness,  ksi  / i ncTT 

Not  Adjusted  1  Adjusted  for 

1  Plasticity 

1 

0.0 

1 

1  1.100 

1 

1  1.100 

0.0 

0.0 

12.54 

1  1.100 

1  1.104 

8.45 

7.93 

20.3 

1  1.100 

1  1.110 

13.68 

12.84 

30.09 

1  1.145 

1  1.171 

20.80 

21  .06 

40.17 

1  1.165 

1  1.213 

28.08 

28.71 

54.79 

1  1.165 

j  1 .257 

38.30 

39.89 

60.1G 

1  1.165 

1  1 .278 

42.06 

44.16 

69.79 

1  1.165 

1  1 .329 

48.79 

53.14 

75.44 

1  1.175 

1  1.375 

53.03 

58.74 

83.47 

I  1.180 

1  1 .440 

58.84 

66.95 

90.09 

I  1.190 

1  1.522 

63.86 

75.72 

95.15 

I  1 .200 

1  1 .600 

67.82 

82.82 

98.00 

1  1.215 

1  1.673 

70.43 

86.90 

99.15 

1  1  .245 

1  1.750 

72.43 

93.30 

93.45 

1  1 .400 

1  1 .958 

74.14 

96.08 

Thickness 

Yiela 

Specimen  Width 


.420  inch 
52.4  Ksi 
7.00  inch 
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TABLE  A16 


DATA  FOR  SPECIMEN  NO.  3,2091 
TRANSVERSE  PLATE 


Load,  kips 

1 - 

1 

I  Half  Crack 

1  Length 

1  (c)  inch 

1 

1 - 

1  Half 

1  Crack  Length, 

I  (c  +  rho) 

1  i  nc  h 

1 

Corresponding  Fracture 
Toughness,  ksi  </  inch 

Not  Adjusted  1  Adjusted  for 

1  Plasticity 

0.0 

T“ 

1  1.100 

1 

1  1.100 

0.0 

0.0 

9.93 

1  1.110 

1  1.113 

6.73 

6.31 

19.81 

1  1.115 

1  1.127 

13.46 

12.61 

20.65 

1  1.135 

1  1.167 

20.36 

20.69 

39.73 

I  1.160 

1  1 .220 

27.70 

28.46 

49.74 

1  1  .205 

I  1 .307 

35.50 

37.13 

59.86 

1  1.210 

1  1 .364 

42.90 

45.68 

69.8b 

1  1.210 

1  1 .444 

50.08 

56.26 

79.58 

1  1.215 

1  1 .561 

57.39 

68.41 

85.32 

1  1.215 

1  1.639 

61 .32 

75.71 

88.14 

I  1 .230 

1  1 .728 

63.87 

82.05 

91.82 

1  1 .280 

1  1.872 

66.82 

90.59 

91  .79 

1  1 .305 

1  1.973 

68.35 

96.81 

90. 3o 

|  1 .340 

1  2.090 

65.83 

103.00 

Thickness 

=  .420 

inch 

Yield 

*  42.4 

ksi 

Specimen  Liatr,  *  7.00  inch 
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TABLE  A17 


FATIGUE  RESULTS  WITH  R«0.1  AND  Kt=1.0  FOR 
PECHINEY  2091-T351  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

NADC 

LONG 

80.0 

28.300 

60.0 

29.600 

50.0 

72.400 

50.0 

87.000 

45.0 

395.500 

45.0 

779.200 

40.0 

1 . 47E+06 

40.0 

2 . 00E+06 

35.0 

1 .  1  IE-07 

32 . 5 

1 . OOE*  08 

(  * )  :  RUN  OUT 


24 


Pechiney  2091-T 

(0.42“  X  39"  x 
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Figure  A5  Fatigue  Results  for  2091  -1351  0.42"  Plate  (R=0.1 


2.  000 


2091-T3S1 

PLATE 

LT 

LAS  AIR 
FALSTAFF 

MAX  STRESS  -  20  KS1 

SPEC.  I.D.  .  P-2 


u  1. 000 
< 

K 

U 


0.  SOO  J 

0 


FLICHTS 


Figure  A6  Crack  Length  Versus  nights  for  2091-T351  Plate  Under 
FALSTAFF  Loading,  Max  Stress  ■  20  KSI. 


ifl 
u J 
X 

5  2.000 


x 

S  i.soo 


x 

u 

< 

u  1.000 


0.  SOO  J 
0 


2091-T351 

PLATE 

LT 

LAS  AIR 
FALSTAFF 

MAX  STRESS  -  30  KSI 

SPEC.  1.0.  i  P-1 


FLIGHTS 


Figure  A7  Crack  Length  Versus  Flights  for  2091-T351  Plate  Under 
FALSTAFF  Loading,  Max  Stress  *  30  KSI. 


CMPa  r m  > 


JO  100 


Kmax.  CK5I  fin  > 


Flqure  A8  FAISTAFF  Spectrum  Results  for  2091 -T351  Reduced  in 
Terms  of  Growth  Rate  and  Maximum  Spectrum  Stress 
Intensity. 
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Ui 

•J  1.500 


2091-T351 

PLATE 

LT 

LAB  AIR 
MINI  TWIST 
MAX  STRESS  -  17  MSI 

SPEC.  1.0.  t  P-4 


FLIGHTS 


Figure  a9  Crack  Length  Versus  Flights  for  2091-T351  Plate  Under 
Mini-TV.'IST  Loading,  Max  Stress  *  17  KSI. 


1/1 
UJ 

5  2.500 
z 


2091 -T351 

PLATE 

LT 

LAB  AIR 
MINI-TWIST 
MAX  STRESS  -  26  KSI 

SPEC.  1.0.  .  P-3 


FLIGHTS 


Figure  aIO  Crack  Length  Versus  Flights  for  2091-T351  Plate  Under 
Mini-TWIST,  Max  Stress  -  26  KSI. 


Figure  A10A  Fatigue  Crack  Growth  Rate  Data  for  209I-T351 

0.42"  Plate  (L-T  Orientation).  Ceneral  Dynamics  CA 


TABLE  A1 7 A 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  A10A 

SfVEX-PQIHT  INCREMENTAL  POlVHOHtAt  METHOD  FOB  DETERMIWIWC  4t/4N 
AST  h  Method  £647  Specimen  No  C-b-11- 1  Specimen  Type.  Cl 


No 

W  * 
Fig  * 

Cycles 

2  007  in 

51.7  Icsi 

Pme*  a  (in) 

B- 
R  * 

a(rqr) 

0.423  in 

0.33 

MCX  rmer 

an  »  0.665  in 

Kmtn  ar  ksiVinJe/dN«iF6 

1  » 

0 

KE33 

0.800 

12096 

3629 

6467 

2  ' 

1000 

1000 

0.805 

12171 

3651 

8520 

4.7000 

3  1 

2000 

1000 

0.808 

12224 

3667 

8557 

3.3000 

4 

3000 

1000 

0.811 

0.8117 

0.9983 

12279 

3684 

8595 

3.8357 

c 

4000 

tooo 

0815 

0.8155 

0.9988 

12344 

3703 

8641 

37515 

6 

5000 

1000 

0.819 

0.6193 

0.9677 

12408 

3723 

8686 

6.7718 

•> 

6000 

1000 

0824 

0.8215 

0.948 

12479 

3744 

8736 

4.6049 

b 

7500 

1000 

0  829 

08284 

0.967? 

12565 

3769 

8795 

6  7716 

9 

9000 

1000 

0.835 

0.8397 

0.9814 

12671 

3801 

8870 

12.6917 

10 

10000 

1250 

0  854 

0.8507 

0.98f4 

16249 

4875 

11374 

12.6917 

1 1 

10500 

1250 

0.659 

0.8575 

0.9561 

16369 

4911 

11458 

11.0374 

12 

11000 

1250 

0865 

0.8651 

0.9736 

16494 

4948 

11546 

11.3000 

13 

11500 

1250 

0  671 

08692 

0.9736 

16630 

4989 

11641 

11.3000 

14 

12000 

1250 

0.371 

0.8749 

0.977? 

16630 

4989 

11641 

12  0560 

15 

12500 

1250 

0.883 

0.G607 

0.984 

16906 

5072 

11834 

14.0461 

16 

13000 

1250 

0  889 

0  8884 

0.9872 

17047 

5114 

11933 

16  0594 

1? 

13460 

1250 

0895 

0.8975 

0.9929 

17190 

5157 

12033 

17.5812 

18 

14000 

1500 

0908 

0.9066 

0.9938 

21007 

6302 

14705 

17.2518 

19 

14500 

1500 

0.917 

0.9159 

0.9965 

21276 

6383 

14893 

18.0480 

20 

15000 

1500 

0  924 

0.9240 

0.9829 

21488 

6446 

15042 

20.8274 

21 

15500 

1 500 

0  933 

09339 

0.990e 

2176? 

6530 

15237 

22.2143 

*> 

*-  t. 

16000 

1500 

0.943 

0.9468 

0.9786 

22083 

6625 

15458 

22.8571 

nr 

W  o’ 

16500 

1500 

0964 

0.9605 

09823 

22771 

6831 

15940 

224850 

24 

17000 

1500 

0  974 

0.9712 

0.9833 

23111 

6933 

16178 

22.1518 

25 

17500 

1500 

0980 

0.9807 

0.9788 

23319 

6996 

16323 

20.7250 

26 

18250 

1500 

0.991 

0.9931 

0.9971 

23709 

7113 

16596 

19.2289 

27 

19000 

1750 

1.009 

1.0062 

0.9977 

28431 

8529 

19902 

21.5293 

28 

19500 

1750 

1.021 

1.0199 

0.9985 

28966 

8690 

20276 

23.0100 

29 

20000 

1750 

1.032 

1.0317 

0.9982 

29470 

8841 

20629 

25.5919 

30 

20500 

1750 

1.044 

1.0441 

0.9996 

30038 

9011 

21026 

26.8690 

31 

21000 

1750 

1.057 

1.0583 

0.9978 

30674 

9202 

21472 

42.7238 

32 

220 00 

1750 

1  091 

1  0886 

09976 

32450 

9735 

22715 

35.5854 

33 

23000 

1750 

1.128 

1.1280 

0.9978 

34591 

10377 

24214 

42.7238 

34 

24000 

1750 

1.169 

1.1705 

0.9685 

37261 

11178 

26083 

75.9364 

15  + 

24500 

1750 

1.206 

39988 

11996 

27992 

74.0000 

36  ♦ 

25000 

1750 

1.227 

41691 

12507 

29164 

42  0000  * 

37  + 

26000 

1750 

1  401 

62237 

18671 

43566  174.0000* 

*  *  Indicates  data  violates  specimen  size  requirements 

*  Indicates  m  curve  smoothing 
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TABLE  A17B 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  A10B 

SEVEN-POINT  INCREMENTAL  POLYNOMIAL  flETHOD  FOR  DETERMINING  da/dN 

ASlfi  Method  E647  Specimen  No.  C-6-U- 1  Specimen  7  ype  CT 


W  * 

2.003  in 

8  » 

0.422  in 

an- 

0  665 

Ftv  ■ 

46.7  fcsl 

R  * 

033 

Nfi 

(vc)es 

Pm  a* 

a  l  in) 

alror) 

MCC 

Kmex 

Kmm 

ksu/inm/dN*lE6 

1  ’ 

0 

1500 

0.800 

* 

18252 

5476 

12776 

2  ’ 

810 

1500 

0.813 

18569 

5571 

12998 

16.0494 

3  1 

1000 

1500 

0.824 

18843 

5653 

13190 

57.8947 

4 

MOO 

1500 

0.835 

0.8351 

0.9172 

19122 

5737 

13386 

20.4983 

5 

1700 

1500 

0839 

0.8419 

09080 

19225 

5768 

13458 

21.8550 

6 

1500 

1500 

0.847 

0.8373 

0.9167 

19434 

5830 

13604 

14.8135 

7 

3M0 

1500 

0855 

08544 

09467 

19646 

5894 

13752 

94950 

8 

4000 

1500 

0  863 

08620 

0  9477 

19862 

5958 

13903 

12  3536 

9 

4970 

1500 

0.871 

0.8776 

0.9385 

20080 

6024 

14056 

20.3209 

10 

5200 

1750 

0878 

0.8815 

09732 

23654 

7096 

16558 

31.2525 

11 

5350 

1750 

0.687 

0  8864 

0  9610 

23951 

7165 

16766 

27  4423 

12 

SC  00 

1750 

0898 

0.89C3 

0.9948 

24321 

7296 

17025 

38.3779 

13 

6020 

1750 

0914 

09111 

0  995! 

24876 

7463 

17413 

35.296? 

14 

ot-oO 

1750 

0.950 

0.9323 

09976 

25451 

7635 

17816 

32.3402 

15 

"’360 

1750 

0.954 

09537 

0  9987 

26354 

7906 

18448 

31  8564 

16 

7620 

1750 

0  969 

0  9684 

0  9984 

26945 

8083 

18861 

31  368 c* 

17 

£320 

1750 

0985 

0.9851 

1.0000 

27599 

8260 

19320 

31.3809 

18 

8830 

1750 

1  001 

1.0001 

09976 

28281 

8484 

19796 

31  4888 

19 

*390 

1750 

1.017 

1.0166 

0.9946 

28990 

8697 

20293 

34.6364 

20 

9920 

1750 

1.032 

1.0351 

0.9966 

29683 

8905 

20778 

39.9120 

21 

1 0250 

1750 

1  048 

1  0482 

0  9979 

30452 

9136 

21317 

43  7701 

22 

1 0540 

1750 

1.064 

1.0622 

0.9974 

31257 

9377 

2 1 650 

45.8995 

23 

10900 

1750 

1  080 

1.0798 

0  9985 

32098 

9629 

22468 

51.2355 

24 

1 1 1 90 

1750 

1  095 

1  0946 

0  9990 

32922 

9877 

23045 

52  5461 

25 

11820 

1750 

1.127 

1.1296 

0.9993 

34805 

1 0442 

24364 

57.1945 

26 

12260 

1750 

1.158 

1.1557 

0.9994 

36813 

1 1044 

25769 

61  4515 

27 

12670 

1750 

1.162 

1.1802 

0.9986 

38508 

11552 

26955 

66.9566  * 

28 

13450 

1750 

1.233 

1.2347 

0.9963 

42585 

12775 

29809 

84  3019* 

29 

13690 

1750 

1.253 

1.2524 

0  9981 

44388 

13317 

31072 

92  9751  * 

30  * 

14320 

1750 

1.312 

50538 

15)61 

35377 

93.6508  * 

31  ♦ 

14670 

1750 

1.363 

57100 

17130 

39970 

145.7143* 

32  * 

14790 

1750 

1  383 

60069 

18021 

42048 

166  6667* 

-  indicates  data  violates  specimen  size  requirements 

-  Indicates  no  curve  smoot/n ng 


PECHINEY 


2091-T8X  PLATE 
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TABLE  A18 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39'  X  39') 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

E 

(MSI) 

NORTHROP 

RT 

LONG 

71.4 

80.8 

10.0 

16.0 

11.5 

71.3 

59.9 

12.0 

16.0 

11.4 

71.8 

81 . 1 

11.0 

16.0 

11.4 

71 . 5 

60.4 

10.0 

11.4 

72.0 

80.4 

11.0 

11.4 

72.0 

60.6 

9.0 

11.5 

GRUMMAN 

RT 

LONG 

38.7 

38.2 

6.0 

6.2 

11.8 

70.0 

58.2 

8.5 

9.2 

11.9 

37.8 

58.4 

6.5 

6.8 

11.1 

GENERAL 

RT 

LONG 

72.8 

60.6 

8.0 

DYNAMICS . 

TX 

72.5 

60.8 

7.3 

AVERAGE 

71 . 1 

59.9 

9.0 

11.7 

11.5 

STANDARD  DEVIATION 

1.6 

1 .  1 

2.0 

4.8 

0.2 
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TABLE  A19 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42‘  X  38*  X  39‘) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RA 

(X) 

E 

(MSI) 

NORTHROP 

RT 

L  TRANS 

72.4 

54.  a 

12.0 

17.4 

11.5 

72.5 

55.0 

12.0 

17.8 

11.6 

72.4 

55.0 

12.0 

18.5 

11.4 

69.2 

51 . 1 

15.0 

11.4 

69.5 

51.2 

17.0 

11.2 

69. 1 

50.9 

16.0 

11.8 

GRUMMAN 

RT 

L  TRANS 

69.5 

53.0 

13.5 

22.3 

11.5 

69.0 

51 . 1 

13.0 

16.8 

13.0 

69. 1 

53.0 

13.5 

17.6 

13.4 

GENERAL 

RT 

L  TRANS 

71. B 

55.9 

11.0 

DYNAMICS . 

TX 

72.0 

55.9 

11.0 

AVERAGE 

70.6 

53.4 

13.3 

18.4 

11.9 

STANDARD  DEVIATION 

1.6 

2.0 

2.0 

2.0 

0.8 
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TABLE  A20 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39'  X  39') 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(%) 

E 

(MSI) 

GRUMMAN 

RT 

45 

03.9 

45.8 

21.0 

29.7 

11.2 

02.5 

45.7 

21.5 

27.2 

11.1 

02.9 

45.3 

20.5 

28.7 

11.1 

AVERAGE 

03.1 

45.0 

21.0 

28.5 

11.1 

STANDARD 

DEVIATION  0.7 

0.3 

0.5 

1.3 

0. 1 
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TABLE  A21 


COMPANY 


NORTHROP 


COMPANY 


NORTHROP 


TENSILE  RESULTS  AT  t/10  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39*) 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(XSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(%) 

RT 

LONG 

71.6 

60.0 

10.0 

71.2 

59.9 

10.0 

71.4 

60.4 

10.0 

AVERAGE 

71.4 

60. 1 

10.0 

STANDARD 

DEVIATION  0.2 

0.3 

0.0 

TABLE  A22 

TENSILE  RESULTS  AT  t/10  LOCATION  FOR  PECHINEY 
2O91-T0X  PLATE  (0.42*  X  39*  X  39*) 


TEST 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RT 

L  TRANS 

69.6 

51 . 2 

18.0 

69.3 

51 . 1 

16.0 

69 . 7 

51.4 

15.0 

AVERAGE 

69.5 

51.2 

16.3 

STANDARD 

DEVIATION  0.2 

0.2 

1 . 5 

E 

(MSI) 


11.3 

11.5 

11.1 


11.3 

0.2 


E 

(MSI) 


11.1 

11.6 

11.4 


11.4 

0.3 
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TABLE  A23 


TENSILE  RESULTS  AT  t/2  LOCATION  WITH  100  HOURS  EXPOSURE  FOR 
PECHINEY  2081-T8X  PLATE  (0.42'  X  39‘  X  39‘) 


COMPANY 

TEST 

TEMP 

(DEGREES  F) 

EXPOSURE 

TEMP 

(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(%) 

NORTHROP 

RT 

300 

LONG 

77.7 
77 . 7 

65.8 

65.9 

f 

9.0 

9.0 

12.3 

11.6 

350 

LONG 

75.8 
76. 1 

70.6 

70 . 7 

7.0 

7.0 

15.9 

18.9 

375 

LONG 

71.3 

71.6 

64.7 

64 . 8 

7.0 

7 . 0 

18.5 
18. 1 

400 

LONG 

66.9 

66.7 

58. 1 
58.0 

7.0 

7.0 

18.5 
18. 1 
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TABLE  A24 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 
DYNAMICS . 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39*) 


TEST  ORIENTATION  COMPRESSIVE 
TEMPERATURE  YIELD  STRENGTH 
(DEGREES  F)  (XSI) 


RT  LONG  46 . 6 

48.3 
48.0 

RT  LONG  48.1 

50.5 

48.4 

RT  LONG  48 . 0 

TX  49.2 


AVERAGE  48.8 

STANDARD  DEVIATION  0.8 


COMPRESSIVE 

MODULUS 

(KSI) 


11.9 

11.5 

11.1 


11.5 

0.4 
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TABLE  A25 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 
DYNAMICS . 


COMPANY 


GRUMMAN 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  3S*  X  39*) 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 

TEMPERATURE  YIELD  STRENGTH  MODULUS 

(DEGREES  F)  (KSI)  (XSI) 


RT 

L  TRANS 

57.8 

57.4 

57.5 

RT 

L  TRANS 

58.3 

11.9 

58.2 

11.2 

58.9 

11.6 

RT 

L  TRANS 

57.5 

60.9 

AVERAGE 

58.3 

11.5 

STANDARD  DEVIATION 

1.2 

0.3 

TABLE  A26 

COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39*) 


TEST  ORIENTATION  COMPRESSIVE  COMPRESSIVE 


TEMPERATURE 
(DEGREES  F) 

YIELD  STRENGTH 
(KSI) 

MODULUS 

(KSI) 

RT 

45 

49 . 5 

11.3 

48.6 

11.4 

49.6 

10.8 

AVERAGE 

49.2 

11.2 

STANDARD 

DEVIATION 

0.6 

0.3 
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TABLE  A27 


COMPANY 


NORTHROP 


GRUMMAN 


COMPANY 


NORTHROP 


GRUMMAN 


RIVET  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42'  X  39'  X  39') 


ORIENTATION 

SHEAR 
STRENGTH 
(KSI  ) 

L-S 

35.9 

35.9 

35.9 

L-S 

36 . 4 

38.0 

37 . 8 

AVERAGE 

36 . 6 

standard  deviation 

1 .0 

TABLE  A28 

RIVET  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42'  X  39'  X  39') 


ORIENTATION 

SHEAR 
STRENGTH 
(KSI ) 

T-S 

33.5 

33.5 

33 . 9 

T-S 

34 . 6 

35 . 9 

37 . 2 

AVERAGE 

34  .  t 

STANDARD  DEVIATION 

1  S 
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TABLE  A29 


COMPANY 


GENERAL 

DYNAMICS. 


COMPANY 


GENERAL 

DYNAMICS 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39*) 

ORIENTATION 


LONG 

41.3 

40.9 

AVERAGE 

41.1 

STANDARD  DEVIATION 

0.3 

SHEAR 

STRENGTH 

(KSI) 


TABLE  A30 

SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39'  X  39*) 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 

L  TRANS  42.6 

TX  43.4 

AVERAGE  43.0 

STANDARD  DEVIATION  0.6 
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TABLE  A31 


BEARING  RESULTS  FOR  FECHINEY 


COMPANY 

2O01-T8X  PLATE  (0.42*  X 

ORIENTATION  «/D 

30*  X  30*) 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

LONG  1 . 5 

03.0 

73.0 

80.6 

71.8 

02.6 

73.7 

GRUMMAN 

LONG  1 . 5 

02.0 

71.0 

03.8 

73.0 

03.4 

72.1 

GENERAL 

LONG  1 . 5 

117.0 

03.0 

DYNAMICS.  TX 

112.0 

01.4 

AVERAGE 

08.0 

77.5 

STANDARD  DEVIATION 

10.3 

0.1 
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TABLE  A3 2 


BEARING  RESULTS  FOR  PECHINEY 


COMPANY 

2091-T8X  PLATE 

ORIENTATION 

(0.42'  X 

•  /D 

39'  X  39') 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

L  TRANS 

1.5 

99.3 

75.5 

98.9 

76.0 

97.9 

74.2 

GRUMMAN 

L  TRANS 

1.5 

94.9 

73.0 

91.9 

70.  1 

92.8 

71.0 

GENERAL 

L  TRANS 

1.5 

97.0 

79. 1 

DYNAMICS.  TX 

97.8 

80.5 

AVERAGE 

96.3 

74.9 

STANDARD 

DEVIATION 

2.8 

3.6 
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TABLE  A33 


BE  Ait  I  HQ  RESULTS  FOR  PECHINEY 
209 1 -T0X  PLATE  <0.42‘  X  39*  X  39') 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI ) 

BEARING 
YIELD  STR. 
(KSI) 

NORTHROP 

LONG 

2.0 

119.4 

86.8 

118.9 

87.8 

118.6 

86.4 

GRUMMAN 

LONG 

2.0 

113.0 

85.6 

115.5 

86.9 

114.2 

87.1 

GENERAL 

LONG 

2.0 

123.0 

91.3 

DYNAMICS.  TX 

122.0 

94.0 

AVERAGE 

118.1 

88.2 

STANDARD 

DEVIATION 

3.6 

2.9 

45 
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TABLE  A34 


BEARING  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  (0.42*  X  39*  X  39’) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(XSI) 

NORTHROP 

L  TRANS 

2.0 

123.9 

90.7 

124.2 

94.2 

124.1 

92.1 

GRUMMAN 

L  TRANS 

2.0 

115.6 

88.2 

117.5 

89.5 

114.9 

88.9 

GENERAL 

L  TRANS 

2.0 

99.3 

82.7 

DYNAMICS.  TX 

103.0 

85.3 

AVERAGE 

115.3 

89.0 

STANDARD 

DEVIATION 

9.6 

3.7 
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TABLE  A3 5 


COMPANY 


FRACTURE  TOUGHNESS  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  <0.42*  X  39*  X  39*) 

ORIENTATION  XI C  Xq  COMMENT 

(XSI  in*0 . 5)  (XSI  in*0 . 5) 


NORTHROP 

L-T 

27.0 

VALID 

28.0 

VALID 

GRUMMAN 

L-T 

40. 1 

INVALID (1) 

43.2 

INVALID (1.2) 

39.5 

INVALID (1 .2) 

GENERAL 

L-T 

29.9 

INVALID (2, 3. 4) 

DYNAMICS. 

TX 

29.0 

I NVAL I D ( 2 , 3 . 4 ) 

AVERAGE 

27.5 

36.3 

STANDARD 

DEVIATION 

0.7 

6.5 

(1)  :  2 . 5 ( Kq ) ‘2/ (YS) *2  >  B 

(2)  :  Pmax/Pq  >  1.10 

(3)  :  INSUFFICIENT  THICXNESS 

(4)  :  CRACK  CURVATURE  >  5* 


* 
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TABLE  A36 


FRACTURE  TOUGHNESS  RESULTS  FOR  PECHINEY 
2091-T8X  PLATE  <0.42‘  X  39*  X  39') 


COMPANY 

ORIENTATION 

KIC 

Kq 

COMMENT 

(KSI  in*0 . 5) 

(KSI  in*0 . 5) 

NORTHROP 

T-L 

29.8 

VALID 

28.5 

VALID 

GRUMMAN 

T-L 

40.5 

INVALID ( 1 ) 

43.2 

INVALID (1 .2) 

38.2 

INVALID (1 .2) 

GENERAL 

T-L 

27.  1 

INVALIDS. 3) 

DYNAMICS.  TX 

27.0 

INVALID (2,3,4) 

AVERAGE 

29.2 

35.2 

STANDARD  DEVIATION 

0.9 

7.0 

(1):  2 . 5  ( Kq) 

*2/(YS) *2  >  B 

(2) :  Pmax/Pq 

>  1.10 

(3)  :  INSUFFICIENT  THICKNESS 

(4)  :  CRACK  CURVATURE  >  5% 

4 
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TABLE  A37 


General  Dynamics,  Texas 
Pechiney  2091-T8X  Plate 


(0.42" 

X  39"  X  39") 

Results 

of  R-Curve 

Tests 

KR25*ksi‘ 

■in 2 

L-T 

48.3 

L-T 

50.2 

T-L 

43.2 

T-L 

43.2 
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TABLE  A3 8 


SMOOTH  FATIGUE  RESULTS  WITH  R-O.l 
PECHINEY  2091-T8X  PLATE  (0.42‘ 


AND  Xt»  1 . 0  FOR 
X  39*  X  39*) 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

NORTHROP 

LONG 

60.0 

31.299 

50.0 

84.556 

43.0 

135.397 

45.0 

140.237 

40.0 

242.930 

37.5 

1.386.890 

37.5 

934.697 

35.0 

2.000.000 

(*):  INDICATES  RUN-OUT  TEST 
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Pechiney  2091-T8X  Plate 


SI 


Figure  All  Fatigue  Results  for  2091-TUX  0.42”  Plate  (R=0.1,  Kt=1.0).  Northrop. 


TABLE  A39 


NOTCHED  FATIGUE  RESULTS  WITH  R«0.1  AND  Kt»3.0  FOR 
PECHINEY  2091-T8X  PLATE  (0.42*  X  39*  X  39*) 


COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

NORTHROP 

LONG 

45.0 

13.835 

40.0 

26.179 

35.0 

48.930 

30.0 

218.536 

27.5 

257.234 

27.5 

193,418 

25.0 

474.737  » 

23.0 

940,075 

(•)  : 


INDICATES  SLANT  FAILURE 
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Figure  A13  Fatigue  Crack  Growth  Rate  Oata  for  Pechiney  2091-T8X 
0.42"  Plate  (L-T  Orientation).  Northrop. 
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da/dN  (mm/CYCLE) 


TABLE  A40 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  A13 

Savan  Paint  Incremental  Polynomial  Method  per  ASTM  E647 
02-10-1989 

ijacinan  '...ria»r i  NP42LT1  Specimen  Typei  CT 

B»  0. 2320  in  W-  3.0090  in  An-  0.0000 

Pna:;«  0.350  kips  Pmin-  0.033  kips 

R«  0.10  Frsausncy-  10.00  hi. 

~ast  Temperature-  73  F  Environment-  93X  RH 


PT 

CYCLES 

Amass 

Arag 

MCC  Dalts  K 

da/dN 

l 

0.00 

0.6880 

2 

110.00 

0.7073 

3 

260.00 

0.7383 

4 

370. 00 

0.7610 

0.7618 

O. 999873 

3.60 

. 2206E-06 

a 

577.00 

0.8110 

0.8100 

0.999899 

3.83 

. 242BE-06 

6 

637. 00 

0.8293 

0. 8294 

0.999733 

3.93 

. 233BE-06 

7 

762.00 

0.8360 

0.8368 

0.998942 

6.09 

. 2802E— 06 

8 

860.00 

0.8830 

0.8830 

0.998830 

6.23 

. 3150E— 06 

9 

936.00 

0.913Q 

0.9147 

0.990732  * 

6.41 

. 4086E-06 

10 

1036.00 

0.9433 

0.9311 

0.972232 

6.61 

.6409E-06 

li 

1071.00 

0. 9623 

0. 9733 

0.972984 

6.74 

. 9437E— 06 

12 

1101.00 

0.9923 

1.0009 

0.991437 

6.90 

•1406E-03 

13 

1124.00 

1.0320 

1.0330 

0.997434 

7.09 

. 1691E-03 

14 

1136.00 

1 . 0380 

1.0334 

0.998488 

7.22 

.1901E-03 

15 

1136.00 

1.1003 

1.0971 

0.997670 

7.49 

. 2241E-03 

16 

1190.00 

1.1730 

1.1791 

0. 997498 

8.04 

. 28B3E-03 

17 

1203.00 

1.2203 

1.2239 

0.998194 

8.36 

.3436E-03 

18 

1212.00 

1.2300 

1.2473 

0.999342 

8.33 

. 3926E-OS 

19 

1222.00 

1 . 2860 

1 . 2888 

0.999041 

8. 86 

. 42B9E-03 

20 

1229.00 

1.3190 

1.3206 

0.99887B 

9. 12 

. 4343E-03 

21 

1240.00 

1 . 3773 

1 . 3723 

0.99B727 

9.37 

. 4B61E-03 

1230. 00 

1.4225 

1 . 4240 

0.999389 

10.05 

. 4939E-0S 

23 

1233.00 

1.4370 

1 . 4383 

0.998823 

10.20 

•3449E-03 

24 

1236.00 

1.4533 

l . 4333 

0.  9999B9 

10.33 

. 3377E-03 

25 

1239.00 

1.4700 

1. 4697 

0.99-9B3 

10.32 

.  5618E-05 

26 

1278.00 

1.3910 

1.3909 

0.999978 

11.93 

•7186E-03 

27 

1 282 . 00 

l.ol93 

1.6188 

0.999055 

12.31 

.  B224E-03 

28 

1286. 00 

I.eSlO 

1.6324 

0. 999458 

12.78 

. 8977E-03 

29 

1290. CC 

1 . 8633 

1 . 68*... 

0.996456 

13. 23 

.  9208E— >3 

30 

1297.00 

1 . 7623 

1 . 7436 

0.991133 

14.24 

. 1144E-04 

_» 1 

1312.00 

1 . 9433 

1 . 9699 

0.986239 

19.42 

.2214E-04 

32 

1318.00 

2.0c30 

2. 1283 

0.977263 

23.28 

. 3349E-04 

1320.00 

2. 1730 

34 

1321.00 

2. 2400 

33 

1322.00 

2. 3240 

* 

-  DATA  VIOLATES 

SIZE  REQUIREMENTS 
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Figure  A1A  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091 -T8X 
0.42"  Plate  (T-l  Orientation).  Northrop. 


TABLE  A41 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  A14 

Savan  Point  Incremental  Polynomial  Method  par  ASTn  E647 
©2-10-1989 

Spaciaan  Numderi  NP42TL1  Specimen  Typai  CT 

8“  0.2S30  in  W»  3.0090  in  An*  0.0000 
Pa**"  O.SOO  kipa  Pain*  0.0S0  kips 

A*  0.10  Frequency*  10.00  hi, 

Tast  Temperature-  76  F  Environaant*  9SX  RH 


PT 

CYCLES 

Amass 

Ar  eg 

1 

0.00 

0.6280 

2 

1280.00 

0.8080 

3 

1430.00 

0.8370 

4 

1383.00 

0.8623 

0.8647 

3 

2033.00 

0.9690 

0.9673 

6 

2170.00 

0. 9933 

0.9962 

7 
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26°:. 30 

1.8723 
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ncc 
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3.  SB 
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. 3332E-04 
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22.24 

. 4978E-04 

*  -  DATA  VIOLATES  SIZE  KECUIREMENT5 
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Figure  A15  Fatigue  Crack  Growth  Rate  Data  for  Pechlney  2091-T8X 
0.42"  Plate  (L-T  Orientation).  Grumman. 
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Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  A15 
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Figure  A16  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091-T8X 
0.42"  Plate  (T-L  Orientation).  Grumman. 
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/dN  (mm/CYCLE) 


Fatigue  Crack  Crowth  Rate  Data  Associated  with  Figure  A16 
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Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  A17 
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Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  Al8 
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DATA  VIOL 0 TU  SUE  REQUIREMENTS 


Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  A18 
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DATA  VIOLATES  SUE  REQUIREMENTS 


DR/DN  ( INCHES  PER  CYCLE) 


5TRE55  INTENSITY  RRNEE/  DEL -K 
Kb  I  -5HR-  I  N 


Material:  2091-T851  Plate 

Age:  335°F-16hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  L-T 

Stress  Ratio:  0.1 

Frequency:  5  Hz 

Figure  A1 9  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X  0.42"  Plate 
(L-T  orientation).  General  Dynamics  TX. 


TABLE  A48 


Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  A19 
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5TRE55  INTENSITY  RRMGE/ 
KS  1  -5QR- IN 

DEL-K 

Material: 

2091-T851  Plate 

Age: 

Environment: 

335°F  - 16  hrs 

Lab  air,  Room  temperature 

Orientation: 

T-L 

Stress  Ratio: 

0.1 

Frequency: 

5  Hz 

Figure  A20  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X 
(T-L  orientation).  General  Dynamics  TX. 

0.42"  Plate 

TABLE  AA9 


Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  A20 

PAGE  1 
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DR/DN  ( INCHES  PER  CYCLE) 


5TRE55  INTEN5ITY  RHMEE/  DEL-K 
KSI-SKR-  IN 


Material: 

Age: 

Environment: 
Orientation: 
Stress  Ratio: 
Frequency: 


2091-T851  Plate 
335°F- 16  hrs 
Lab  air,  Room  temperature 
T-L 
0.1 


5  Hz 


F1gureA21  Fatigue  Crack  Growth  Rate  Data  for  2091-T8X  0.42"  Plate 
(T-L  orientation).  General  Dynamics  TX. 


72 


TABLE  A50 


Fatigue  Crack  Growth 

Rate  Data  Associated  with  Figure  A21 

PAGE  1 

COMPACT  TEHS 

ION  AT  H- 

1-1=0.486 

GENERAL 

DY 

NAM  I CS 

P  36 

FORT  WORTH 

DIVI3 

ION 

20’?  1 

» T335 

TL 

ORIENT AT 

I  ON 

MAR  11,1 

•pi;-; 

i 

LAB 

AIR.RT 

335F 

FOR  16HRS 

ISO 

CPH 

R*  0 

.  1  B=  O 

.  4203  W= 

‘  2.5515 

HO. 

TOTAL 

AVC. 

DELTA 

LSI! 

AVG. 

OF 

CYCLES 

CRACK 

CRACK 

FIT 

CORR . 

ma::. 

AVG. 

P  T  S . 

LENGTH 

LENGTH 

DA  DN 

COEFF. 

LOAD 

DEL-1 

<  I N  > 

<  I N  > 

<  IIK  CYC  > 

<LBS> 

as  i -si 

8 

418184 

0.3105 

O  •  Oj  i  i 

7.60E-08 

0.974 

476 

4.37 

10 

244S50 

0.8655 

0.0598 

1 . 98E-07 

0.957 

555 

5.33 

•' 

8024? 

0.3793 

0.O389 

5. 22E-07 

0. 380 

531 

5.64 

12 

183294 

0.9094 

0 . 0493 

3.53E-07 

0.955 

607 

6.05 

o 

•-• 

52385 

0.9706 

0.0494 

1 . 05E-06 

0.930 

628 

6.59 

K 

15098 

1.0193 

0.O331 

2.32E-06 

0.961 

677 

7.41 

5 

121 98 

1 . 0563 

0.0301 

2.59E-06 

0.992 

677 

7. 66 

13313 

1 . 0734 

0. 0365 

3. 15E-06 

0.978 

704 

8.03 

if 

ltei'  V  1 

1.1209 

0.04O5 

3.29E-06 

0.  998 

70S 

8.42 

i 

7330 

1.1433 

-0.0278 

4.01E-O6 

0.993 

730 

8.95 

if 

7924 

1.1368 

O . 0380 

4. 90E-06 

0.999 

730 

9.27 

•pi 

77  IS 

1.2211 

O.0565 

7. 10E-06 

0.999 

756 

'?  • 

♦ 

3334 

1.2546 

O.0319 

9.07E-06 

0.939 

i  ‘I* 

10.60 

5 

2900 

1.2374 

0 . 0306 

1 . 03E-05 

0.997 

i  '1* 

10.94 

if. 

2699 

1 . 2965 

0.0373 

1.26E-05 

0.986 

g:  0  £: 

11.41 

4 

2410 

1 . 3326 

O.0293 

1.25E-05 

0.998 

g:  0  g: 

1 1 . 34 

5 

1131 

1 . 3392 

O . 02 1 9 

1.72E-05 

0.971 

831 

12.27 

if 

3105 

1 . 3763 

0 ,051 O 

1.65E-05 

1 .  OOO 

•I'  “•  "• 

12.31 

if 

1492 

1.3916 

0.0226 

1 . 43E-05 

O.  972 

g:5g: 

13.43 

c 

J 

1701 

1 . 4222 

0 . 0333 

1 . 93E-05 

0.997 

c 

C1  J  C1 

13.92 

5 

4S2 

1 . 4573 

0.O235 

4.38E-05 

0.923 

834 

14.99 

5 

1327 

1 . 4835 

O. 0331 

2.46E-05 

O.  997 

”, 

15.50 

if 

63  3 

1 . 5043 

0.0275 

3.60E-05 

0.961 

9  i  6 

16.43 

1020 

1.5362 

. O.0354 

3.43E-05 

0.  999 

9 1 0 

17.  19 

» 

503 

1 . 5483 

0. 0274 

4.31E-05 

0.923 

937 

13.03 

5 

465 

1.5749 

0 . 0239 

5.29E-05 

0. 997 

936 

13.75 

4 

e  —  -V 

■J  1 

1 . 5994 

0.O3O5 

5.23E-05 

0.983 

936 

19.49 

73 


APPENDIX  B 


PECHINEY  2091-T3  AND  2091-T8X 
(0.063"  X  79"  X  39") 


INTRODUCTION 


The  Pechlney  2091-T3  0.063-inch  sheet  was  received  the 
second  quarter  of  1986.  Three  participants  heat  treated  the 
2091-T3  to  a  T8X  temper.  Grumman  Aircraft  Systems  and 
Northrop  Corporation  achieved  the  T8  condition  by  aging  the 
2091  sheet  at  275°F  for  12  hours  (recommended  by  the 
producer  of  this  alloy).  General  Dynamics  Fort  Worth 
Division  aged  the  2091  sheet  at  335°F  for  32  hours  achieving 
the  T8l  condition. 

TESTING 


Basic  mechanical  properties  (tension,  compression, 
bearing,  etc.)  were  tested  according  to  ASTM  standards, 
unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  tests  were 
conducted  according  to  ASTM  E647  standard.  The  growth  rate 
a-N  data  that  was  generated  by  the  participants  (Grumman, 
McDonnell  Aircraft  Co.,  and  Northrop)  were  reduced  using  a 
seven-point  incremental  polynomial  method.  This  involves 
fitting  a  second-order  polynomial  (parabola)  to  sets  of 
seven  successive  data  points.  The  data  are  also  checked 
against  size  requirements  per  ASTM  E647,  Section  7.2. 
General  Dynamics,  TX  performed  constant  amplitude  fatigue 
crack  growth  tests  using  a  K-increasing  (load  increasing) 
method. 
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2091-T3  SHEET 
( 0 . 063 "x79 "x79  " ) 
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TABLE  B 1 


TENSILE  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063'  X  79'  X  39') 
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19 

.0 

12 

.  0 

57 

.0 

42, 

.  4 

16 

.0 

.  1 

57 

.  5 

42 

.  4 

23 

.  0 

Z 

o 

MART I N 

RT 

LONG 

56 

.  1 

39 

.4 

18 

.  0 

27. 

0 

MARIETTA . 

57 

.  6 

40 

.  8 

20 

.0 

21  . 

0 

LOUISIANA 

59 

.  2 

42 

.  5 

22 

.  0 

25. 

0 

AVERAGE 

57 

.  7 

4  1 

.  3 

19 

.  1 

24  . 

.  3 

1  1 

.3 

STANDARD  DEVIATION 

1 

.  0 

1 

A 

.  2 

2 

.  5 

3. 

.  1 

0 

.  7 

76 


w  to 


TABLE  B2 


TENSILE  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063*  X  79*  X  39*) 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STr'EIiviTH 

(KSI) 

ELONG 

U) 

RA 
( X ) 

E 

(MSI) 

BOEING 

RT 

L  TRANS 

60.8 

41.5 

16.0 

61.4 

41.5 

17.0 

60 . 6 

41 .6 

16.0 

NORTHROP 

RT 

L  TRANS 

62.0 

41.9 

17.0 

62.7 

41.6 

16.8 

62 . 0 

42.0 

17. 1 

LTV 

RT 

L  TRANS 

61.7 

40.0 

17 . 0 

10.7 

61.6 

39.9 

18.5 

10 . 6 

61.9 

39 . 3 

16.5 

11.0 

GENERAL 

RT 

L  TRANS 

60 . 0 

41.3 

22.0 

10.9 

DYNAMICS . 

60.2 

41.2 

21 .0 

10.9 

CALIF. 

59.7 

41.4 

20.0 

10.9 

MCAIR 

RT 

L  TRANS 

62.0 

42.2 

17.0 

12.0 

60 . 5 

42.7 

17.0 

12.0 

60.5 

4  1.9 

18.0 

12.  1 

MARTIN 

RT 

L  TRANS 

60.8 

41.2 

17.0 

27 . 0 

MARIETTA , 

60 . 5 

40 . 8 

16.0 

21.0 

LOUISIANA 

60 . 3 

40.9 

16.0 

24.0 

AVERAGE 

61.1 

41.3 

17.6 

24 . 0 

11.2 

STANDARD 

DEVIATION 

0.9 

0.9 

1 .8 

3.0 

0.6 
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TABLE  B3 


COMPRESSION  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063"  X  79"  X  39") 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI) 

(KSI) 

BOEING 

RT 

LONG 

39.4 

39.6 

39.9 

LTV 

RT 

LONG 

41.4 

10.6 

41.4 

10.6 

GENERAL 

RT 

LONG 

38.7 

11.7 

DYNAMICS . 

38.9 

12.0 

CALIF. 

39. 1 

12.0 

AVERAGE 

39.8 

11.4 

STANDARD  DEVIATION 

1.0 

0.7 
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TABLE  B4 


COMPRESSION  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063'  X  79'  X  39') 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI) 

BOEING 

RT 

L  TRANS 

44.6 

44.7 

44 . 5 

LTV 

RT 

L  TRANS 

45.9 

45.2 

45.3 

GENERAL 

RT 

L  TRANS 

42 . 7 

DYNAMICS , 

44 . 3 

CALIF . 

AVERAGE 

44 . 7 

STANDARD  DEVIATION 

1 . 0 

COMPRESSIVE 
MODULUS 
( KSI ) 


11.8 

11.5 


11.7 
0 . 2 
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TABLE  B5 


PUNCH  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063‘  X  79‘  X  39') 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


BOEING  S  TRANS  36.0 

36.5 

36.0 


AVERAGE 


36.2 


STANDARD  DEVIATION 


0 . 3 


TABLE  B6 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063-  X  39'  X  39 ' ) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


BOEING  LONG  39.8 

39.0 

36.9 

LTV  LONG  38.3 

38.6 

37.9 

MCAIR  LONG  38.1 

37.9 

38.2 

AVERAGE  38.3 

STANDARD  DEVIATION  0.8 
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TABLE  B7 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063*  X  39*  X  39*) 


COMPANY  ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


BOEING  T  -  L  36.8 

40. 1 

36.4 

LTV  T  -  L  40.0 

40.5 
40 . 5 

MCAIR  T  -  L  39.2 

37.9 

39.0 

AVERAGE  38.9 

STANDARD  DEVIATION  1.5 
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TABLE  B8 


BEARING  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063’  X  79’  X  39’) 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

LONG 

1.5 

88.9 

61.4 

90.2 

63.0 

90.3 

63.5 

LTV 

LONG 

1.5 

90.4 

58.9 

88.5 

61.2 

89.3 

61.4 

GENERAL 

LONG 

1.5 

88.6 

66.6 

DYNAMICS . 

88. 1 

64.0 

CALIF. 

90.0 

64 . 0 

AVERAGE 

89.4 

62.7 

STANDARD 

DEVIATION 

0.9 

n  n 
*  •  * 
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TABLE  B9 


BEARING  RESULTS  FOR  PECHINEY 
2091-T3  SHEET  (0.063'  X  79'  X  39') 


COMPANY 

ORIENTATION 

e/D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

L  TRANS 

1.5 

92.9 

62.6 

93. 1 

63.3 

93.  1 

63.3 

LTV 

L  TRANS 

1 . 5 

91 .0 

60.5 

92 . 1 

59.7 

92.2 

61.8 

GENERAL 

L  TRANS 

1 .5 

90.3 

65.7 

DYNAMICS , 

88.5 

62 . 3 

CALIF. 

87.9 

64 . 0 

AVERAGE 

91 . 2 

62 . 6 

STANDARD 

DEVIATION 

2.0 

1 . 8 
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TABLE  BIO 


BEARING  RESULTS  FOR  PECHINEY 


2091-T3  SHEET 

(0 . 063 ‘  X  79’ 

X  39') 

COMPANY 

ORIENTATION 

•  /D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(KSI) 

(KSI) 

BOEING 

LONG 

2.0 

115.2 

75.6 

115.8 

76. 1 

115.3 

76.2 

LTV 

LONG 

2 . 0 

111.6 

77.3 

111.0 

76.4 

112.5 

76.9 

GENERAL 

LONG 

2.0 

115.6 

76.8 

DYNAMICS . 
CALIF. 

114.3 

73.2 

MCAIR 

LONG 

2.0 

73.5 

73.9 

AVERAGE 

113.9 

75.6 

STANDARD  DEVIATION 


1.9 


TABLE  B21 


BEARING  RESULTS  FOR  PECHINEY 


2091-T3  SHEET 

(0.063'  X  79' 

X  39') 

COMPANY 

ORIENTATION 

•  /D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(KSI ) 

(KSI) 

BOEING 

L  TRANS 

2.0 

118.8 

76.5 

115.2 

75.4 

LTV 

L  TRANS 

2 . 0 

111.1 

75.9 

114.1 

78.8 

116.0 

75. 1 

GENERAL 

L  TRANS 

2.0 

120.6 

76.8 

DYNAMICS . 

115.9 

81.8 

CALIF. 

111.7 

80.3 

MCAIR 

L  TRANS 

2.0 

76.5 

72.7 

AVERAGE 

115.4 

77.0 

STANDARD 

DEVIATION 

3.2 

2.7 
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TABLE  B12 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-LT-1 


w  = 

3.994  in 

Fty  = 

41.10  ksi 

B  = 

0.0644  in 

Pmax  = 

7540  lb 

as 

1.255  in 

a/2  = 

0.6275  in 

Loads 


aeff 

5000 

7540 

10000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6 

28 

43 

IT 

0 

0.6275 

0.0000 

0.6275 

nr 

0.6 

29 

44 

58 

200 

0.7225 

0.0002 

0.7227 

i 

0.7 

30 

45 

59 

600 

0.7225 

0.0014 

0.7239 

4 

0.7 

30 

46 

61 

1000 

0.7225 

0.0038 

0.7263 

6 

0.7 

31 

47 

62 

1400 

0.7225 

0.0075 

0.7300 

9 

0.7 

32 

48 

64 

1800 

0.7225 

0.0124 

0.7349 

12 

0.8 

33 

49 

65 

2200 

0.7225 

0.0186 

0.7411 

14 

0.8 

33 

51 

67 

2600 

0.7225 

0.0259 

0.7484 

17 

0.8 

34 

52 

69 

2800 

0.7250 

0.0302 

0.7552 

18 

0.8 

35 

53 

70 

3200 

0.7250 

0.0395 

0.7645 

21 

0.9 

36 

54 

72 

3600 

0.7250 

0.0499 

0.7749 

24 

0.9 

37 

55 

73 

4000 

0.7275 

0.0619 

0.7894 

27 

0.9 

38 

57 

75 

4400 

0.7275 

0.0750 

0.8025 

30 

0.9 

38 

58 

77 

4600 

0.7275 

0.0819 

0.8094 

32 

1.0 

39 

59 

78 

4800 

0.7300 

0.0896 

0.8196 

33 

1.0 

40 

60 

80 

5200 

0.7300 

0.1052 

0.8352 

37 

1.0 

41 

62 

82 

5600 

0.7300 

0.1220 

0.8520 

40 

1.0 

42 

63 

84 

5800 

0.7300 

0.1309 

0.8609 

42 

1.1 

43 

65 

86 

6000 

0.7450 

0.1440 

0.8890 

45 

1.1 

44 

66 

88 

6200 

0.7450 

0.1538 

0.8988 

46 

1.1 

45 

68 

90 

6400 

0.7600 

0.1685 

0.9285 

49 

6800 

0.7600 

0.1902 

0.9502 

53 

7000 

0.7700 

0.2053 

0.9753 

56 

7200 

0.7700 

0.2172 

0.9872 

58 

7400 

0.7850 

0.2359 

1.0209 

62 

Kc  -  61.8  Ksi  -/in 
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R-Curve  Results  for  2091-T3  0.063"  Sheet  (LT)  General  Dynamics 


nJ  to  CO  ^ 


TABLE  B13 


(Teneral  Dynamics,  CA 


ASTM  E561  R  Curve  CCT  Al-U  B-5-LT-2 

=  3.995  in  Fty=41.10ksi 

=  0.0647  in  Pmax  =  72501b 
=  1.255  in 

=  0.6275  in 

Loads 


aeff 

5000 

7250 

10000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6 

£8 

41 

56 

0" 

0.6275 

o.oooO 

0.6225“ 

O' 

0.6 

29 

42 

58 

200 

0.7250 

0.0002 

0.7252 

1 

0.7 

30 

43 

59 

600 

0.7250 

0.0014 

0.7264 

4 

0.7 

30 

44 

61 

1000 

0.7250 

0.0038 

0.7288 

6 

0.7 

31 

45 

62 

1400 

0.7250 

0.0075 

0.7325 

9 

0.7 

32 

46 

64 

1800 

0.7250 

0.0124 

0.7374 

12 

0.8 

33 

47 

65 

2200 

0.7250 

0.0185 

0.7435 

14 

0.8 

33 

48 

67 

2600 

0.7250 

0.0258 

0.7508 

17 

0.8 

34 

49 

68 

2800 

0.7250 

0.0299 

0.7549 

18 

0.8 

35 

51 

70 

3200 

0.7250 

0.0391 

0.7641 

21 

0.9 

36 

52 

71 

3600 

0.7250 

0.0494 

0.7744 

24 

0.9 

36 

53 

73 

4000 

0.7275 

0.0613 

0.7888 

27 

0.9 

37 

54 

75 

4200 

0.7275 

0.0676 

0.7951 

29 

0.9 

38 

55 

76 

4400 

0.7300 

0.0746 

0.8046 

30 

1.0 

39 

57 

78 

4600 

0.7300 

0.0815 

0.8115 

32 

1.0 

40 

58 

80 

4800 

0.7300 

0.0887 

0.8187 

33 

1.0 

41 

59 

82 

5200 

0.7300 

0.1041 

0.8341 

37 

1.0 

42 

60 

83 

5600 

0.7300 

0.1208 

0.8508 

40 

1.1 

43 

62 

85 

5800 

0.7300 

0.1296 

0.8596 

42 

1.1 

44 

63 

87 

6000 

0.7300 

0.1387 

0.8687 

44 

1.1 

45 

65 

89 

6200 

0.7325 

0.1488 

0.8813 

46 

6400 

0.7325 

0.1585 

0.8910 

47 

6800 

0.7375 

0.1806 

0.9181 

52 

7000 

0.7450 

0.1941 

0.9391 

54 

7200 

0.7550 

0.2092 

0.9642 

57 

Kc  -  56.9  Ksi  vTrt 
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a  (in) 

Figure  B2  R-Curve  Results  for  2091-T3  0.063"  Sheet  (LT) .  General  Dynamics 


TABLE  B14 


General  Dynamics,  CA 


ASTM  E561  R  Curve  CCT  AJ-Li  B-5-LT-3 

W=  3.992  in  Fty  =  41.10  ksi 

B  =  0.0642  in  Pmax  =  5875  1b 

a=  1.2600  in 
a/2  =  0.6300  in 


aeff 

Loads 

4000 

5875 

8000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6“ 

23 

3'3 

33 

0 

0.6300 

O.0000 

0.63O0 

CF 

0.6 

23 

34 

47 

200 

0.7275 

0.0002 

0.7277 

1 

0.7 

24 

35 

48 

600 

0.7275 

0.0014 

0.7289 

4 

0.7 

24 

36 

49 

1000 

0.7275 

0.0039 

0.7314 

6 

0.7 

25 

37 

50 

1400 

0.7275 

0.0076 

0.7351 

9 

0.7 

26 

38 

51 

1800 

0.7275 

0.0126 

0.7401 

12 

0.8 

26 

39 

53 

2000 

0.7275 

0.0156 

0.7431 

13 

0.8 

27 

40 

54 

2200 

0.7275 

0.0189 

0.7464 

14 

0.8 

28 

40 

55 

2600 

0.7275 

0.0264 

0.7539 

17 

0.8 

28 

41 

56 

3000 

0.7275 

0.0351 

0.7626 

20 

0.9 

29 

42 

58 

3400 

0.7275 

0.0451 

0.7726 

23 

0.9 

29 

43 

59 

3800 

0.7275 

0.0563 

0.7838 

26 

0.9 

30 

44 

60 

4200 

0.7275 

0.0688 

0.7963 

29 

0.9 

31 

45 

62 

4400 

0.7275 

0.C755 

0.8030 

30 

1.0 

31 

46 

63 

4600 

0.7275 

0.0825 

0.8100 

32 

1.0 

32 

47 

64 

4800 

0.7275 

0.0899 

0.8174 

34 

1.0 

33 

48 

66 

5000 

0.7275 

0.0975 

0.8250 

35 

5200 

0.7275 

0.1055 

0.8330 

37 

5400 

0.7275 

0.1137 

0.8412 

39 

5600 

0.7275 

0.1223 

0.8498 

40 

5800 

0.7275 

0.1312 

0.8587 

42 

Specimen  failed 


in  doubler  region 
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Results  for  2091-T3  0.063"  Sheet  (LT) .  General  Dynamics 


TABLE  B15 


General  Dynamics,  CA 


ASTM  E561  R  Curve  CCT  Al-Li  B-5-TL-1 

W  =  3.995  in  Fty  =  41.10  ksi 

B  =  0.0649  in  Pmax=  72901b 

a=  1.25  in 

a/2  =  0.625  in 

Loads 


aeff 

5000 

7290 

10000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6 

28 

41 

56 

0 

0.6230 

o.ootiO 

0.625O 

T 

0.6 

29 

42 

58 

200 

0.7400 

0.0002 

0.7402 

1 

0.7 

30 

43 

59 

600 

0.7400 

0.0014 

0.7414 

4 

0.7 

30 

44 

60 

1000 

0.7400 

0.0039 

0.7439 

6 

0.7 

31 

45 

62 

1400 

0.7400 

0.0076 

0.7476 

9 

0.7 

32 

46 

63 

1600 

0.7425 

0.0100 

0.7525 

10 

0.8 

32 

47 

65 

2000 

0.7425 

0.0157 

0.7582 

13 

0.8 

33 

48 

66 

2400 

0.7425 

0.0226 

0.7651 

16 

0.8 

34 

50 

68 

2800 

0.7425 

0.0307 

0.7732 

19 

0.8 

35 

51 

70 

3200 

0.7425 

0.0401 

0.7826 

21 

0.9 

36 

52 

71 

3600 

0.7425 

0.0508 

0.7933 

24 

0.9 

36 

53 

73 

4000 

0.7425 

0.0627 

0.8052 

27 

0.9 

37 

54 

74 

4400 

0.7425 

0.0759 

0.8184 

30 

0.9 

38 

55 

76 

4600 

0.7425 

0.0829 

0.8254 

32 

1.0 

39 

57 

78 

4800 

0.7450 

0.0907 

0.8357 

34 

1.0 

40 

58 

80 

5000 

0.7475 

0.0989 

0.8464 

35 

1.0 

41 

59 

81 

5200 

0.7525 

0.1079 

0.8604 

37 

1.0 

42 

61 

83 

5600 

0.7525 

0.1252 

0.8777 

41 

1.1 

43 

62 

85 

6000 

0.7525 

0.1437 

0.8962 

44 

1.1 

44 

63 

87 

6200 

0.7550 

0.1542 

0.9092 

47 

1.1 

45 

65 

89 

6400 

0.7575 

0.1650 

0.9225 

49 

6600 

0.7575 

0.1755 

0.9330 

51 

6800 

0.7625 

0.1881 

0.9506 

53 

7000 

0.7625 

0.1993 

0.9618 

55 

7200 

0.7950 

0.2238 

1.0188 

60 

Kc  ■  59.6  KsiVfn 
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Figure  B4  R-Curve  Results  for  2091-T3  0.063"  Sheet  (Hi) .  General  Dynamics 


TABLE  B16 

General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-Li  B-5-TL-2 

W=  3.992  in  Fty  =  41.10  ksi 

B  =  0.0646  in  Pmax=  74501b 

a=  1.2550  in 
a/2  =  0.6275  in 

Loads 


aeff 

5000 

7450 

10000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6 

28 

42 

56 

0 

0.6275 

0.0(k)0 

0.6275 

“IT 

0.6 

29 

43 

58 

200 

0.7275 

0.0002 

0.7277 

1 

0.7 

30 

44 

59 

400 

0.7275 

0.0006 

0.7281 

3 

0.7 

30 

45 

61 

600 

0.7325 

0.0014 

0.7339 

4 

0.7 

31 

46 

62 

1000 

0.7325 

0.0039 

0.7364 

6 

0.7 

32 

48 

64 

1400 

0.7325 

0.0076 

0.7401 

9 

0.8 

33 

49 

65 

1800 

0.7325 

0.0126 

0.7451 

12 

0.8 

33 

50 

67 

2200 

0.7325 

0.0188 

0.7513 

14 

0.8 

34 

51 

68 

2600 

0.7325 

0.0263 

0.7588 

17 

0.8 

35 

52 

70 

3000 

0.7325 

0.0350 

0.7675 

20 

0.9 

36 

53 

72 

3400 

0.7325 

0.0450 

0.7775 

23 

0.9 

37 

55 

73 

3600 

0.7425 

0.0513 

0.7938 

24 

0.9 

37 

56 

75 

3800 

0.7425 

0.0572 

0.7997 

26 

0.9 

38 

57 

77 

4000 

0.7450 

0.0637 

0.8087 

28 

1.0 

39 

58 

78 

4200 

0.7450 

0.0702 

0.8152 

29 

1.0 

40 

60 

80 

4400 

0.7525 

0.0781 

0.8306 

31 

1.0 

41 

61 

82 

4600 

0.7525 

0.0854 

0.8379 

33 

1.0 

42 

62 

84 

4800 

0.7550 

0.0934 

0.8484 

34 

1.1 

43 

64 

86 

5400 

0.7550 

0.1183 

0.8733 

39 

1.1 

44 

65 

88 

5600 

0.7575 

0.1278 

0.8853 

41 

1.1 

45 

67 

90 

6000 

0.7575 

0.1467 

0.9042 

45 

6200 

0.7600 

0.1573 

0.9173 

47 

6400 

0.7600 

0.1677 

0.9277 

49 

6600 

0.7675 

0.1808 

0.9483 

52 

6800 

0.7725 

0.1937 

0.9662 

54 

7000 

0.7800 

0.2081 

0.9881 

57 

7200 

0.7875 

0.2232 

1.0107 

59 

7400 

0.8025 

0.2423 

1.0448 

63 

Kc  -  63.0  KsiVTn 


95 


Figure  B5  R-Curve  Results  for  2091-T3  0.063"  Sheet  (TL).  General  Dynamics 


TABLE  B17 


General  Dynamics,  CA 

ASTM  E561  R  Curve  CCT  Al-U  B-5-TL-3 

W  =  3.996  in  Fty=  41.10  ksi 

B  =  0.0642  in  Pmax  =  72901b 

a  =  1.2500  in 
a/2  =  0.6250  in 

Loads 


aeff 

5000 

7290 

10000 

Load 

a  (half) 

aplastic 

aeff 

K 

0.6 

28 

41 

51 

0 

0.6250 

O.0000" 

0.6256 

T 

0.6 

29 

42 

58 

200 

0.7250 

0.0002 

0.7252 

l 

0.7 

30 

43 

60 

600 

0.7250 

0.0014 

0.7264 

4 

0.7 

31 

45 

61 

1000 

0.7250 

0.0039 

0.7289 

6 

0.7 

31 

46 

63 

1400 

0.7250 

0.0076 

0.7326 

9 

0.7 

32 

47 

64 

1800 

0.7250 

0.0125 

0.7375 

12 

0.8 

33 

48 

66 

2000 

0.7250 

0.0155 

0.7405 

13 

0.8 

34 

49 

67 

2400 

0.7250 

0.0223 

0.7473 

16 

0.8 

34 

50 

69 

2800 

0.7250 

0.0304 

0.7554 

18 

0.8 

35 

51 

70 

3200 

0.7250 

0.0397 

0.7647 

21 

0.9 

36 

52 

72 

3600 

0.7250 

0.0502 

0.7752 

24 

0.9 

37 

54 

74 

3800 

0.7250 

0.0559 

0.7809 

26 

0.9 

38 

55 

75 

4200 

0.7250 

0.0683 

0.7933 

29 

0.9 

38 

56 

77 

4600 

0.7250 

0.0820 

0.8070 

32 

1.0 

39 

57 

79 

4800 

0.7250 

0.0892 

0.8142 

33 

1.0 

40 

59 

80 

5200 

0.7250 

0.1047 

0.8297 

37 

1.0 

41 

60 

82 

.  5600 

0.7250 

0.1215 

0.8465 

40 

1.0 

42 

61 

84 

5800 

0.7250 

0.1303 

0.8553 

42 

1.1 

43 

63 

86 

6000 

0.7250 

0.1394 

0.8644 

44 

1.1 

44 

64 

88 

6400 

0.7250 

0.1586 

0.8836 

47 

1.1 

45 

66 

90 

6600 

0.7250 

0.1687 

0.8937 

49 

6800 

0.7250 

0.1791 

0.9041 

51 

7000 

0.7250 

0.1898 

0.9148 

53 

7200 

0.7250 

0.2008 

0.9258 

55 

Kc  •  55.4  KsiVir; 
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Results  for  2091-T3  0.063"  Sheet  (TL) .  General  Dynamics 


TABLE  B18 


MCAIR 


l-CIWC  IBMSHMffi  Will  rot  ITCHIHCY  20S1 


MGrmUDEIM 


SPECMEN 

OKIEHTRTION 

SLOT  LENGTH 

PKCffiK  LENGTH 

riNBL  (m  LENGTH 

LORD  AT  ffllLURE 

PUtHE  STRESS  TRACTORE 

IDDfliriCflUOX 

2a.  (IN) 

2a,  (IN) 

2a,  (IK) 

(LB) 

TOUGHNESS,  It.  (CSI(lN)'.S) 

1 

Ll-L 

1.9915 

2.1006 

2.2180 

10,900 

S7.0 

2 

1 . 9995 

2.1000 

2.2566 

10,930 

57.1 

RUERBGE 

— 

— 

— 

10,990 

57.2 

l 

L-Lf 

1.5925 

2.099J 

2.2120 

10,910 

57.1 

1 

1.9965 

2.1015 

2.1815 

10,900 

55.9 

AUEPA6E 

— 

— 

— 

10,920 

56.S 

ORTA  COLLECTED  RMD  REDUCED  PEI!  ASIA  5TRHCRRB  TEST  ICIHOO  E56H1. 


The  four  toughness  specinens  were  tested  in  accordance  with 
RSTtt  Standard  Test  Method  E561 -81 .  The  specinens  were 
precracked  to  a  total  crack  length,  2a,  equal  to  35X  of  the 
width,  as  is  required  per  the  standard.  A  stress  ratio  of 
0.1  was  used  for  precracking.  The  specinens  were  statically 
failed  using  a  loading  rate  of  3000  pound/ninute. 
Cathetoneters  were  used  to  nonitor  crack  length  during  static 
loading  to  deternine  the  final  crack  length,  at  failure, 
which  is  required  for  toughness  calculations.  Table  l!8 
presents  toughness  test  data.  All  four  specinens  had  a  plane 
stress  toughness  value  in  the  range  of  56  to  57  ksi<in>*.5. 

It  should  be  noted  that  no  plastic  zone  corrections  were 
incorporated  into  the  toughness  calculations. 
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R-CURVE  FOR  2091  SHEET  (longitudinal) 

(effective  crack  length  adjusted  for  plastic  zone) 


1.0  1.5  2.0  2.5  3.0  3  5 

HALF  EFFECTIVE  CRACK  LENGTH,  Ae  (Ae-Ao+Ap+rho)  in  inches 


Figure  B7  R-Curve  Results  for  2091-T3  0.063"  Sheet  (longitudinal) 
Martin  Marietta,  LA. 

R-CURVE  FOR  2091  SHEET  (transverse) 


(effective  crack  length  adjusted  for  plastic  zone) 


1.0  1.5  2.0  2.5  3.0  3.5 

HALF  EFFECTIVE  CRACK  LENGTH,  Ae  (Ae-Ao+Ap+rho)  in  inches 


Figure  b8  R-Curve  Results  for  2091-T3  0.063"  Sheet  (transverse). 
Martin  Marietta 
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R-CURVE  FOR  2091  SHEET  (longitudinal) 


HALF  CRACK  LENGTH,  inches 

Figure  B9  R-Curve  Results  for  2091-T3  0.063"  Sheet  (longitudinal) . 
Martin  Marietta,  LA. 


R-CURVE  FOR  2091  SHEET  (transverse) 


100  - 

80  • 

ijz  60  • 

[| 

| 

'«/> 

9 

£  A0  ■ 

9 

♦ 

9 

o 

20  -i 

* 

a 

• 

& 

0  • 

ft 

•'*  i  i  — 1 — r—  .  . . 

1.0  1.5  2.0  2.5  3.0  3.5 

HALF  CRACK  LENGTH,  inches 

FigureBlO  R-Curve  Results  for  2091-T3  0.063"  Sheet  (transverse). 
Martin  Marietta,  LA. 
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TABLE  B19 


Martin  Marietta,  LA 


DATA  FOR  SPECIMEN  NO.  4,  2091 
LONGITUDINAL  SHEET 


Load,  kips 

1 

1 

I  Half  Crack 

I  Length 

1  (c)  inch 

1 

1 

1  Half 

1  Crack  Length, 

1  (c  +  rho) 

1  inch 

1 

1 - 

i  Corresponding  Fr&tture 

!  Toughness,  ksi  v/inch 

1  Not  Adjusted  I  Adjusted  for 

I  1  Plasticity 

1  1 

0.0 

1 

1  1.215 

T 

1  1.215 

1 

0.0 

0.0 

1.17 

1  1.215 

1  1.217 

1 

4.81 

4.55 

2.54 

1  1 .220 

1  1 .229 

1 

10.47 

9.86 

3.71 

1  1 .270 

1  1 .294 

1 

15.69 

15.85 

4.79 

}  1 .295 

1  1 .336 

1 

20.51 

20.87 

5.76 

I  1 .300 

1  1 .361 

1 

24.73 

25.35 

7.08 

1  1.310 

1  1 .406 

1 

30.54 

31.71 

8.21 

1  1.310 

1  1 .442 

1 

35.42 

37.24 

9.38 

1  1.315 

1  1 .493 

1 

40.56 

43.31 

10.41 

1  1 .320 

1  1.560 

1 

45.13 

50.26 

11.26 

1  1 .320 

1  1.615 

1 

48.90 

55.05 

12.07 

1  1.325 

1  1 .680 

1 

52.45 

61.05 

12.70 

1  1.330 

1  1.756 

1 

55.30 

66.92 

13.29 

1  1 .330 

1  1.821 

1 

57.90 

71.84 

13.76 

I  1 .340 

1  1.919 

1 

60.33 

78.02 

14.12 

1  1 .345 

1  1 .986 

1 

61.97 

82.10 

14.51 

1  1.365 

1  2.159 

1 

64 .30 

91 .36 

14.60 

1  1 .370 

1  2.381 

1 

65.74 

103.09 

Thickness 

Yield 

Specimen  kidth 


.063  inch 
40.9  ksi 
6.00  inch 
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TABLE  B20 


Martin  Marietta,  LA 


DATA  FOR  SPECIMEN  NO.  5  2091 
LONGITUDINAL  SHEET 


Load,  kips 

1 - 

1 

I  Half  Crack 

1  Length 

1  (c)  inch 

1 

1 

1  Half 

1  Crack  Length, 

I  (c  +  rho) 

1  inch 

1 

1 

1  Corresponding  Fracture 

j  Toughness,  ksi  v^inch 

1  Not  Adjusted  f  Adjusted  for 

j  1  Plasticity 

1  1 

0.0 

1  -  — 

1  1 .220 

1 

I  1 .220 

1 

1  0.0 

1 

1  0.0 

1 .06 

1  1 .220 

1  1 .222 

1  4.37 

1  4.12 

2.09 

1  1 .220 

1  1 .226 

1  8.62 

l  8.12 

3.46 

1  1 .295 

1  1.317 

1  14.90 

I  15.04 

4.67 

I  1 .300 

1  1 .340 

1  20.05 

1  20.36 

5.55 

1  1 .305 

1  1 .362 

I  23.88 

1  24.46 

6.53 

1  1.310 

I  1 .390 

1  28.17 

1  29. C9 

7.62 

1  1.310 

1  1 .442 

|  32.67 

1  34.33 

8.52 

1  1 .31 0 

1  1 .453 

1  36.76 

1  38.80 

9.54 

1  1.310 

1  1 .494 

i  41.16 

I  44.03 

10.32 

1  1.315 

1  1 .549 

1  44.63 

I  49.59 

11 .14 

1  1.315 

1  1.599 

I  46.17 

1  54.60 

11.74 

j  1.315 

I  1 .640 

1  50.77 

1  56.47 

12.39 

1  1 .320 

I  1.699 

1  53.71 

!  63.08 

13.19 

1  1 .330 

1  1 .809 

1  57.46 

i  70.97 

13.71 

1  1 .335 

1  1.691 

1  59.77 

1  76.77 

14.71 

1  1 .335 

1  1.974 

1  61 .88 

1  81 .55 

14.52 

!  1 .340 

I  2.076 

1  63.57 

1  87.94 

14.79 

1  1 .355 

1  2.262 

1  65.22 

1  97.62 

Thickness 

Yield 

Specimen  Wiath 


.063  inch 
40.9  ksi 
6.00  inch 
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TABLE  B21 


Martin  Marietta,  LA 

DATA  FOR  SPECIMEN  NO.  6  2091 
TRANSVERSE  SHEET 


Load,  kips 

1 - 

1 

1  Half  Crack 

1  Length 

1  (c)  inch 

1 

T 

1  Half 

1  Crack  Length, 

1  (c  +  rho) 
i  inch 

1 

1 

1  Corresponding  Fracture 

1  Toughness,  ksi  J  inch 

1  Not  Adjusted  I  Adjusted  for 

1  1  Plasticity 

1  1 

0.0 

T~— 

1  1.215 

1  1.215 

1 

I  0.0 

n 

i  0.0 

2.19 

1  1.215 

1  1 .222 

1  9.01 

1  8.49 

3.60 

1  1 .220 

1  1 .238 

I  14.43 

1  13.60 

5.47 

1  1 .220 

I  1 .271 

I  22.56 

I  23.05 

7.00 

1  1 .282 

1  1.373 

I  29.79 

I  30.90 

fa. 75 

I  1 .295 

1  1 .445 

I  37.47 

|  39.65 

10.16 

i  1 .300 

1  1.521 

|  43.61 

I  48.23 

11 .43 

I  1 .300 

1  1 .605 

|  49.19 

|  56.11 

12.43 

1  1 .305 

1  1 .680 

1  53.49 

1  62.77 

13.31 

1  1 .305 

1  1.761 

1  57.28 

I  70.74 

13.95 

1  1 .320 

1  1.906 

1  60.48 

1  78.51 

14.21 

1  1 .327 

1  1.565 

1  61 .83 

1  81.87 

14.42 

I  1 .330 

1  2.028 

1  62.82 

1  85.66 

14.62 

1  1  .395 

I  3.433 

1  65.73 

|  146.00 

Thickness 
Yiel  d 

Specimen  feidth 


.062  inch 
40. S  ksi 
8.00  inch 
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TABLE  B22 


Martin  Marietta,  LA 


DATA  FOR  SPECIMEN  NO.  \  2091 
TRANSVERSE  SHEET 


Load,  kips 

1 

1 

I  Half  Crack 

1  Length 

1  (c)  inch 

1 

1  Half 

1  Crack  Length, 

1  (c  +  rho) 

1  inch 

Corresponding  Fracture 
Toughness,  ksi  v' inch 

Not  Adjusted  1  Adjusted  for 

1  Plasticity 

1 

0.0 

1 

I  1 .225 

i  1.225 

0.0 

0.0 

1 .62 

1  1 .225 

1  1 .228 

6.26 

5.92 

3.00 

1  1.225 

1  1 .238 

12.40 

11 .68 

4.51 

1  1 .225 

I  1.259 

18.65 

18.92 

7.00 

1  1 .260 

1  1.324 

25.20 

25.94 

7.50 

i  1.275 

1  1 .380 

31 .81 

33.16 

9.11 

1  1 .305 

1  1 .470 

39.20 

41.69 

10.51 

1  1 .305 

1  1 .547 

45.23 

50.43 

11.86 

I  1 .305 

1  1 .635 

51 .04 

58.91 

12.74 

1  1.310 

1  1.729 

54.96 

66.33 

13.40 

1  1 .320 

1  1.817 

58.09 

72.27 

13.69 

1  1 .360 

1  1.977 

61 .40 

80.55 

14.28 

1  1.375 

1  2.107 

63.58 

87.73 

14.56 

I  1 .390 

1  2.299 

65.30 

97.73 

14.77 

!  1 .400 

1  3.245 

66.56 

139.00 

Thickness 

Yield 

Specimen  Wictr. 


.063  inch 
40.9  ksi 
6.00  inch 
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TABLE  B23 


COMPANY 


GENERAL 
DYNAMICS , 
CALIF. 


(«)  : INDICATES 


FATIGUE  RESULTS  WITH  R  =  0.1  AND  Kt=1.0  FOR 
PECHINEY  2091-T3  SHEET  (0.063-  X  79'  X  39‘) 


ORIENTATION 

STRESS 
(KSI ) 

CY'LES 

LONG 

21.6 

10,000,000  * 

25.0 

1 ,888,000 

27 . 0 

10,140,000  » 

30.0 

303,000 

32 . 0 

363,000 

35.0 

143,000 

38 . 0 

122,000 

RUN-OUT  TEST 
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TABLE  B24 


COMPANY 


GENERAL 
DYNAMICS , 
CALIF. 


(«) :  INDICATES 


FATIGUE  RESULTS  WITH  R=0.1  AND  Kt=3.0  FOR 
PECHINEY  2091-T3  SHEET  (0.063'  X  79'  X  39') 


ORIENTATION 

STRESS 

(KSI) 

CYCLES 

LONG 

10.0 

10.000,000  * 

12.0 

319,000 

13.0 

10,330.000  # 

13.5 

193,000 

14.5 

158,000 

16.0 

163,000 

20 . 0 

47,000 

25.0 

15,000 

A  RUN-OUT  TEST 
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TABLE  B25 


FATIGUE  RESULTS  WITH  R=0.1  AND  Kt=2.8  FOR 
PECHINEY  2091-T3  SHEET  (0.063'  X  79'  X  39') 


-t 

COMPANY 

ORIENTATION 

STRESS 

(KSI) 

CYCLES 

r 

LTV 

LONG 

15.4 

1 .000,000  « 

15.4 

410,760 

15.5 

700 , 100 

16.5 

192,020 

16 . 5 

236,950 

18.5 

202,250 

18.7 

203,450  « 

19.0 

155,800 

22  .  1 

83 , 190 

22.4 

76,450 

22 . 4 

49,000 

<»):  INDICATES 

A  RUN-OUT  TEST 

(«):  INDICATES 

SPECIMEN  FAILED  IN  GRIP 

r 
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TABLE  B26 


COMPANY 


LTV 


(*):  INDICATES 


FATIGUE  RESULTS  WITH  R=0.1  AND  Kt=2.8  FOR 
PECHINEY  2091-T3  SHEET  (0.063-  X  79"  X  39') 


ORIENTATION 

STRESS 

(KSI) 

CYCLES 

L  TRANS 

15.5 

1,500,000  • 

16.0 

369,700 

18.7 

94,490 

18.7 

138,430 

22. 1 

84,900 

22.5 

52 . 100 

A  RUN-OUT  TEST 
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Pechiney  2091-T3  Sheet 


2091-T3 


3 


/dN  (mm/CYCLE) 


TABLE  B27A 

Fatigue  Crack  Growth  Rate  Data  Associate  with  Figure  B14 
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'igure  B 1 5  Fatigue  Crack  Crwth  Rate  Data  for  Pechiney  2091-T3 

0.063"  Sheet  (T-L  Orientation).  McDonnell  Aircraft  LA 
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/d N  (mm/CYCLE) 


TABLE  B27B 

Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B15 
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TABLE  B28 


TENSILE  RESULTS  FOR  PECHINEY 
2001 -T8X  SHEET  (0.063‘  X  70’  X  30‘) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

MODULUS 

(MSI) 

NORTHROP 

RT 

LONG 

82.0 

47.5 

15.6 

11.1 

63.0 

47.4 

16.5 

11.1 

63.1 

47.7 

18.3 

10.5 

GRUMMAN 

RT 

LONG 

61.8 

47.3 

15.5 

10.0 

61.8 

47.7 

16.5 

11.2 

62.8 

47.3 

15.5 

11.6 

GENERAL 

RT 

LONG 

65.6 

40.7 

14. 1 

DYNAMICS . 

64.7 

40.1 

14.1 

TEXAS 

AVERAGE 

63.2 

48.0 

15.8 

11.1 

STANDARD 

DEVIATION 

1.3 

0.0 

1.4 

0.4 
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TABLE  B20 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 
DYNAMICS . 
TEXAS 


TENSILE  RESULTS  FOR  PECHINEY 
200 1 -T8X  SHEET  (0.063*  X  70*  X  30*) 


TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 
STRENGTH 
(KSI ) 

YIELD 

STRENGTH 

(KSI) 

ELONG 

(X) 

RA 

(X) 

MODULUS 

(MSI) 

RT 

L  TRANS 

65.0 

47.5 

14.3 

11.0 

66.0 

47.6 

13.6 

11.4 

66.6 

48.0 

14.0 

11.2 

RT 

L  TRANS 

64.4 

46.3 

12.0 

11.0 

64.6 

46.6 

15.0 

11.4 

64.8 

46.7 

14.0 

11.5 

RT 

L  TRANS 

67.2 

50.2 

11.0 

67.5 

50.7 

10.4 

AVERAGE 

65.0 

48.0 

13.0 

11.3 

STANDARD 

DEVIATION 

1 . 2 

1.7 

1.7 

0.2 
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TABLE  B30 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 

DYNAMICS. 

TEXAS 


COMPRESSION  RESULTS  FOR  PECHINEY 
209 1 -T8X  SHEET  (0.063*  X  79*  X  39*) 


TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(KSI ) 

(MSI) 

RT 

LONG 

46.8 

11.6 

46.7 

11.5 

46.9 

11.5 

RT 

LONG 

45.3 

11.6 

47.9 

11.5 

46.3 

11.5 

RT 

LONG 

48.8 

49.7 

AVERAGE 

47.3 

11.5 

STANDARD 

DEVIATION 

1.4 

0.  1 
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TABLE  B31 


COMPANY 


NORTHROP 


GRUMMAN 


GENERAL 
DYNAMICS . 
TEXAS 


COMPRESSION  RESULTS  FOR  PECH1NEY 


208 1-T8X 

SHEET  (0.063' 

X  78'  X  38*) 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(XSI) 

(MSI  > 

RT 

L  TRANS 

53.0 

11.5 

52.7 

11.5 

53.0 

11.3 

RT 

L  TRANS 

51.3 

11.2 

51.3 

11.4 

52.3 

11.7 

RT 

L  TRANS 

53. 1 

53.7 

AVERAGE 

52.5 

11.4 

STANDARD 

DEVIATION 

0.8 

0.2 
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TABLE  B32 


COMPANY 


GRUMMAN 


COMPRESSION  RESULTS  FOR  PECHINEY 
2091-T6X  SHEET  (0.063*  X  70*  X  30“) 


TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

RT 

45 

44.6 

11.4 

45.5 

11.3 

45.2 

11.4 

AVERAGE 

45.1 

11.4 

STANDARD 

DEVIATION 

0.5 

0. 1 

122 


TABLE  B33 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2091-T6X  SHEET  (0.063*  X  70*  X  30 *> 


COMPANY  ORIENTATION  SHEAR 

>  STRENGTH 

(KSI) 


NORTHROP  LONG  30 . 4 

35.5 

30.6 

GRUMMAN  LONG  38 . 2 

40.0 

30.1 

GENERAL  LONG  40.9 

DYNAMICS.  42.0 

TEXAS 

AVERAGE  39.3 

STANDARD  DEVIATION  1.0 
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TABLE  B34 


SLOTTED  SHEAS  RESULTS  FOR  PECHXNEY 
2001-T8X  SHEET  (0.063*  X  70*  X  30') 


COMPANY 

ORIENTATION 

SHEAR 

8TRENGTH 

(KSI) 

NORTHROP 

L  TRANS 

41 .8 

41.0 

41.0 

GRUMMAN 

L  TRANS 

41 . 1 

41.7 

40.7 

GENERAL 

L  TRANS 

38.4 

DYNAMICS. 

TEXAS 

AVERAGE 

41 . 1 

STANDARD  DEVIATION 

1.3 
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TABLE  B36 


BEARING  RESULTS  FOR  PECHINEY 


COMPANY 

2091-T8X  SHEET  (0.063* 

ORIENTATION  «/D 

X  70*  X  30*) 

BEARING 
ULT.  STR. 
(XSI) 

BEARING 
YIELD  STR. 
(XSI) 

NORTHROP 

L  TRANS  1.5 

06.3 

67.6 

06.3 

67. 1 

06.2 

68.0 

GRUMMAN 

L  TRANS  1.5 

01.0 

65.0 

02.4 

66.7 

03.  1 

66.5 

GENERAL 

L  TRANS  1.5 

02.0 

78.8 

DYNAMICS. 

02.3 

78.5 

TEXAS 

AVERAGE 

03.0 

69.8 

STANDARD  DEVIATION 

2.0 

5.5 

* 
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TABLE  B37 


BEARING  RESULTS  FOR  PECH1NEY 
2001-T8X  SHEET  (0.063*  X  70’  X  30’) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 

BEARING 

ULT.  STR. 

YIELD  STR. 

(XSI) 

(KSI) 

NORTHROP 

LONG 

2.0 

117.2 

80.0 

116.6 

70.8 

117.1 

81.5 

GRUMMAN 

LONG 

2.0 

116.4 

70.2 

116.4 

78.7 

116.4 

78.6 

GENERAL 

LONG 

2.0 

106.0 

88. 1 

DYNAMICS. 

117.0 

02.2 

TEXAS 

AVERAGE 

115.6 

82.3 

STANDARD 

DEVIATION 

4.0 

5.1 
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TABLE  B3B 


COMPANY 

NORTHROP 

GRUMMAN 

GENERAL 

DYNAMICS. 

TEXAS 


BEARING  RESULTS  FOR  PECHINEY 
2001-T8X  SHEET  (0.003*  X  70*  X  30‘) 


ORIENTATION 

•/D 

BEARING 
ULT.  STB. 
(XSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS 

2.0 

120.4 

81.6 

120.1 

84.0 

116. 6 

82.0 

L  TRANS 

2.0 

121.8 

83.2 

120.0 

81.8 

117.6 

80. 8 

L  TRANS 

2.0 

114.0 

05.8 

105.0 

03.6 

AVERAGE 

117.2 

85.4 

STANDARD 

DEVIATION 

5.5 

5.0 
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‘  R  -  CURVES  FOR  2091 -T8X 

irgnuaL  him 

L-T  ORIENTATION  j 

—■ ;  * . 

f!RACK— T.TMF— UF.nfSB-T.nAnP.n 
.  W+5,  T-.065  • 


DOUBLE  COMPLIANCE  TECHNIQUE 

CRACK  DEVIATED  FROM  :  _ 

ORIGINAL  NOTCH  DIRECTION.! 


EFFECTIVE  CRACK  EXTENSION.  IN 
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R-Curve  Results  for  2091-T8X  0.063”  Sheet  (L-T) .  Grumman 
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2091-T8X 


TABLE  B39 


General  Dynamics,  Texas 

°echiney  2091-T81  Sheet 
(0.063"  X  79"  X  39") 
Average  Results  of  R-Curve  Tests 

KRjg.ksi-ln2 

L-T  91.2 

T-L  81.4 
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32 
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TABLE  B40 

Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B18 
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Fatigue  Crack  Growth  Hate  Data  Associated  with  Figure  B18 


. ,  ,  ,  ,  -  -  -  ,  -  -  ,  .  _  ♦  t  *  *  II  l'i  fi  K) 

oeooooooooooc'oooooooeoovcc'oee 
laiitt  »iii»i»i  *i»i  i  iii  i 

UJUJUlUlbiUlbllUUJlAi  UUUUUUUUUUUWUUUUIUUU 

4tONM  o  ^  -«  n  m  *  ®  ®  *  n  b  ri  r>  h  •*  *«  o  fi  o 
MUMKIMMKlfft  ♦^ni*»lO<<Nrv®©©®B^-«  —  —  •* 

oontrihofirh  ®r<MriKon^o«*B«*n**nr»«*4> 
—  NNNNNMMWM  f  f  f  |il)M  <  <  «  K  N  ^  K,®  BO"  |- 


♦  B  —  N  O • 

^«boM>*4Nii  4  n  o  o  o 

NNtHN«-NK4frfr5n<0 

U  O  O  O  O'  O'  O 
O' O' O'  O  O'  O' 


r<®r4Bnr>«r>K«©rif*.® 
4000B4r^nri0  r<  r-  n  r** 

frBBB^NOCMMNMB-B 


OOOOOOOOOO  OOCOOOOOOOOOOOOOOQO 

ocDNn-r<N-in<BNa-o^Kino-«>o*oinnorinoi 

frfH>f4l(1BN<C«<C«N'»n®K)fllDOFiinB*tfl« 
B(M-frOOO--N  MNKmntttlOrtH^HXONhhB 

M^MMuiririririri  tiririNrirSririririNriNNNNMnn 

fOOPOOQOOOOOOOOOOOOOOOOOCOOOOOOO 

oocnn&t^oo  ncn  :dmooor>ci)Ot)iu)^coiiBO 
n«»rnoBNNC'i^c>vNxino'niio®tioB«  m  ®  m  •  <►  ►  ■» 
BBBBOOO**^(4Nmn)nt««r)Dk1in4<A4NNNOBOB 

«  m  (i  fi  n  ti  n  ri  (r< V  rui  ri  r<  r)  n  n  rl  ri  ri  fi  ri  ri  ri  ri  n  ri  n  ri  ri 

gopopoopoooocooooooooooooooooooo 

OCo5oOOOS1f-BflNM«<frNin(D-»hOMBO- 
«  N  B  ►  O  -  fl  rl  *  »  «  -O  <  N  B  B  >  O  O  O  -  -  H  N  N  N  M  W  M  11  *  t 

oooc  -----«  -  -H--«-M«NNNriMr/nra<«nMn 
nnnnnnntmn  r>  r»  r»  n  r>  n  m  o  r#  1 1  r>  m  w  n  vt  r#  n  n  n  k>  r> 

nBNBBO-N^*  «-Of*BO-O~<'irW»,l-Of>»®<>‘O-NK#*irJ.0 
«r«v«<rt'n^inink')iO(ninimO'0<c-o-«'0'0'0<o-o<ONNNrvNN^ 


tnininnimmnioinintninin****'*********'***-*********^** 

oooooooooooooooooococoooooooooooooooooooo 

<  i  T  i  i  t  i  i  i  t  i  i  <  i  i  i  <  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  «  i  i  <  i 
UbJUIUUUiUUUUIUIUbJliJUlblUMiMtJUUJUtatBliiUJWUWUlUUIIliWUlWUUIbJblbl 

MNfiBMDNNlMnO*'Of4«  ~  in  *'•  <0  rj  ri  fi  n  3  H  fl  K  -  h  5  N  *1  «  3  O  Ml  -  n  m  K, 
ttnr)^®K>(hinriKNoir>5o^-riH(4««<rio-oo«rvNomoo-an«©B^<-<  — 


NMIIDO  n.N  <«BNONHBtM)-BlflBN*BMBnNBBt««'»B«BtNO 
HN-KihfrNh^HBO"Nnn<BO**Ht<MDO«f'ilDOBION«<BO-K)HN 

ttlf)Bli<i'B<<««NlssVNVhBBBBfllDBO‘,(l‘0‘frO‘0'doOOO'*«-**- 


Mf)nnhaiinN-*'<ip.flinff'0<NJoonBfr*<m)-D-Koa«in-hBC-«infrh 

2sf^d?^i|?9®OB®9®90®9N,s44N,or,>K®0®4rk,SNN4r,'Sl® 

O' O'  OOO'OOOOOO'O 

O-O&OOO'OO'O'OO-OOO'OO'O'OO'O-O-OO'OOOOO'OO'O'OOO'b-OOOOO-O 

00000060666666666666666666666660666666666 

*O‘**±Ortnonoto'0t*<*m~0‘tDirnnn0‘iniD0‘O  +  **in**rt0'omtiin’0'qc*4 
m  *  p  -0  n  -0  Ki  -  »t  -  fi  ^  IN  O  ^  ^  <  r.  n  -  -  CD  -  r>  rv  r<  ffi  o  r-  O  K*  0“  hs  »T  r  -0  CD 

8tiv!2on**tNHnhonioM40tB-''Mon*oi'ih-tBf«<-tKon< 
r>*n«ft««f'*N©a®O‘(>‘*5oo~-*-«r*rvNK>rt»*v«ir)ii,>n'4«r'NK©Q0 

odoodododdoddoo----«-«---------I--------«- 


S8SSS888SSSS8S8S8S5 

o6fl#Non-in«<h«iiBot«< 

r<K>»)»0*nin'44KrvNBBB0‘0‘0-< 


MMnntnn^^NhNB 

ddddddddddddo 


ooopooppoccpcpopooopppqpo 

rnifiOBBOflBOHOtoniitnunflSnJtt 

Hf'0«r©o«r^c^f»NO^»h‘-««®n'«fi^KC-^  -o 
o  O  *<  -  -  n  H  N  f<  M  fi*  »  *  tt  n«1^-0fsf^KB©ffl 


88888888888888888888888888888888888888888888 

®  2  $  fi  S  P  fi  9  0  ?  ^  ^  ®  w*  <  ®  ^  «  ®  •*  *  N*  ®  r*  *  <  ®  d  ri  •  d  «  d  n  t  <  »  d  -  n’ t  id 

nC(<rlNBO^NrM'iKiV«*«l1|(1ll444NNKNNBBOBB^9I^^^eOOOCC 

•*  «•*•*«  «  n  n  ft  c*  n  N  1 1  c*  f 4  f  1  n  f  1 1*  n  n  n  fi  n  h  u  r*  a  n  u  n  n  u  r*  ri  n  k»  h  n  »>  n  r> 

«(4MtlMNBBO-NK)*irM)NB0‘O-f4f't»Wl^ffla‘C-flHtHBNBfr'"-N^* 

f<  ti  n  n  n  ruM  ri  fit  ■  n  r»  n  n  f.  n  k>  n  rt  ♦  *  o  o  * 


134 


/dN  (mm/CYCLE) 


TABLE  B42 

Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B19 
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Figure  B20  Fatigue  Crack  Growth  Rate  Data  for  Pechiney  2091-T8X 
0.063"  Sheet  (45°  Orientation).  Gnxtman. 
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Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B20 
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TABLE  B46 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  B21 

Sevan  Point  Incremental  Polynomial  Method  oer  A5TM  E047 
00-12-1989 

Soecieen  Number i  P6-31  Specimen  Tvpei  CCT 

B«  0.0030  in  W-  3.0030  in  An-  0.0000 

Pmax-  1.000  kioa  Pmin-  0.100  kipe 

R-  0.10  Frequency-  10.00  hi. 

Teet  Temperature-  70  F  Environment-  95X  RH 


PJ 

CYCLES 

Ameae#2  Areq 

MCC 

Salta 

tc  d«/dN 
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0.00 
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0.42 
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9 
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0.74 
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10 
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0.990390 

7.34 
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11 
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7.51 
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7.72 

.  7 498 E- 03 

13 
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7.93 
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14 
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0.999743 

8.37 
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0.999133 

8.79 
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0.990973 

9.30 
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9.03 
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13.30 
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23 

1720.00 

2. 3093 

•  -  DATA  VIOLATES  SIZE  REQUIREMENTS 
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Figure  B22  Fatigue  Crack  Growth  Rate  Data  for  °echiney  2091-T8X 
0.063"  Sheet  (T-L  Orientation) .  Northrop. 
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TABLE  BA 7 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  B22 

S«v»n  Point  Incramantal  Polynomial  hpthod  ppr  ASTM  E647 
06-12-1989 

SoiclMn  NumBmri  P6-32  Spaci  man  Typpi  CCT 

B»  0.0630  in  W“  3.0000  in  Ana  0.0000 
1.200  kips  Patina  0.120  kips 

R“  0.10  Frpaupncya  10.00  hz. 

Tpst  Ta*o#ratur»*  76  F  Environnpnta  957.  RH 


PT  CYCLES  Aztp«s»2  Arpq  r<CC  Dal  ta  K  da/ON 
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19 

837.40 

1.5885 

1 . 3868 

0.998912 

10.99 

. 1028E-04 

20 

841.40 

I . 6235 

1 . 6286 

0. 999322 

11.27 

. 1114E-04 

21 

845.40 

1 . 6780 

1.6755 

0.998970 

11.39 

.1190E— 04 

22 

849.40 

1 . 7260 

1.7249 

0. 998867 

11.93 

.  1293E-04 

"*3 

853.40 

l .  7803 

1.7791 

0.998746 

12.37 

. 141 6E— 04 

24 

836.40 

1.8163 

1 . 8204 

0.999263 

12.70 

. 1536E-04 

25 

839.40 

1.8675 

1 . 8663 

0.997438 

13.08 

. 1796E-04 

26 

862.40 

1.9193 

1.9211 

0. 99B9B4 

13.37 

.2124E-04 

27 

864 . 40 

1 . 9605 

1.9649 

0.998780 

13.98 

.  2460E-04 

26 

866.40 

2.0200 

2.0133 

0.997372 

14.46 
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*  -  DATA  VIOLATES  SIZE  REQUIREMENTS 
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5TRE55  INTENSITY  RRNEE/  DEL-K 

Material:  2091^l"5SR" IN 

Age:  335°F  -  32  hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  L-T 

Stress  Ratio:  0.1 

Frequency:  5  Hz 


Figure  B23  K-increasim  Constant  Anplitu3e  Fatigue  Crack  Growth  Rate  Data  for 

Pechiney  2091-T8X  0.063"  Sheet  (L-T  Orientation).  General  Dynamics,  TX. 
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TABLE  B48 


Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B23 

CENTER “CRACKED  PANEL  GENERAL  DYNAMICS 


L  4  6 

209  1  LT  ORIENTATION 

RT 

FORT  WORTH  DIVISION 

300  CRM 

R=  0.1  B=  0.8645  W=  5.996 
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7. 56 
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1 . 000 
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4000 
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0 . 0400 

'5. 00E-06 

1 . 000 
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9.33 
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0 . 0550 
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1 . 000 
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9 . 95 

.  * 
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6 . 58E-06 
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2250 

10.61 

C- 

5000 
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k— 
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■~l 
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2 
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.*' 

478 

3. 0500 

0 . 0600 

6. 28E-05 

1 . 000 

3600 

22.  12 

2 

290 

3. 1075 

0 . 0550 

9.48E-05 

1 . 000 

3800 

23.75 

2 

236 

3. 1700 

0 . 0700 

1 . 48E-04 

1 . 000 

4000 

25.45 

2 

124 

3 . 2  3  2  5 

0 . 0550 

2 . 22E-04 

1 . 800 

4200 

27.21 

1* 

99 

3.2950 

0. 0700 

3.54E-04 

1 . 000 

4400 

29.82 

t‘ 

ej  o 

3. 3700 

0. 0800 

7.55E-04 

1 . 000 

4600 

30.99 

t~ 

20 

3.  4350 

0. 0500 

1.25E-03 

1 . 000 

4800 

32.94 

£ 

20 

3.5125 

0.  1050 

2 . 6  3  E  ~  U  o 

1 . 000 

5000 

35.  07 
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IE  IE  1C 

5TRE55  INTENSITY  RRNGE/  DEL-K 
Material:  209*1  ^~1^§ifeetN 

Age:  335°F  -  32  hrs 

Environment:  Lab  air,  Room  temperature 

Orientation:  T-L 

Stress  Ratio:  0.1 

Frequency:  5  Hz 

Figure  B24  K-increasing  Constant  Amplitude  Fatigue  Crack  Growth  Rate  Data  for 
Pechiney  2091-T8X  0.063"  Sheet  (T-L) .  General  Dynamics,  TO. 
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TABLE  B49 


Fatigue  Crack  Growth  Rate  Data  Associated  with  Figure  B24 


r enter  -crh 

CKED  PANEL 

GENERAL  DYNAMICS 

845 

FORT  WORTH  DIVISION 

2091 

RT 

TL  ORIENTATION 

•*■"  y  r 

300  CPM 

R  =  0. 1  B= 

0.0342  W-  5.995 

TOTAL 

TOTAL 

NO. 

TOTAL 

AVG. 

DELTA 

LSQ 

AVG. 

OF 

CYCLES 

CRACK 

CRACK 

FIT 

CORR. 

MAY. 

AVG. 

FT  3. 

LENGTH 

LENGTH 

Ii  A /BN 

COEFF. 

LOAD 

DEL-K 

<  I N  > 

<  I M  > 

'•  I N  "CYC  } 

(LBS) 

( KS 1-3 

1 50000 

1.5563 

0. 0425 

1 . 42E-07 

1 . 000 

1 200 

4.56 

50000 

1 . 5950 

0 . 0350 

3. 50E-07 

1 . 000 

1275 

4. 92 

30000 

1 . 63O0 

0 . 0350 

5.83E-07 

1 . 000 

1425 

5.53 

30000 

1 . 6775 

0. 0600 

1 . 00E-O6 

1  .  OO0 

1575 

6 . 27 

2 

20500 

1.7288 

0. 0425 

1 . 04E-06 

1 . 000 

1725 

7.00 

20000 

1  .’7788 

0 . 0575 

1 . 44E-06 

1 . 000 

1875 

7.75 

•L. 

11500 

1 . 8363 

0 . 0575 

2 . 50E-06 

1 . 000 

2025 

8.54 

ZL 

7500 

1 . 8925 

0 . 0550 

3 . 67E-06 

1 . 000 

2175 

9.36 

l! 

6250 

1 . 9475 

0 . 055O 

4. 40E-06 

1 . 000 

2325 

10.19 

ZL 

6  2  O  0 

2. 0075 

0 . 0650 

5.24E-06 

1 . 000 

2475 

11.07 

kZ, 

5000 

2 . 0650 

0 . 0500 

5 . 0OE-O6 

1  .  OOO 

2625 

11.97 

v2 

5000 

2.  1225 

0 .  O  6  5  O 

6 . 5  O  E  ~  O  6 

1 . 000 

•”i  tr 

1—  i  1  -J 

12.90 

4200 

2.  1900 

0 , 07OO 

3. 33E-06 

1 . 000 

2925 

13.90 

4000 

2 . 267  b 

0 . 0850 

1 . O6E-05 

1 . 000 

3075 

14.93 

z! 

1  700 

2. 3350 

0 . 0500 

1.47E-05 

1 . 000 

“•  •  j  CT 

16. 05 

LL 

2500 

2 . 4000 

0 . 030O 

1 . 60E-05 

1 . 000 

O  CT 

\  J 

17.15 

l! 

1205 

2.4750 

0 . 0700 

2. 90E-05 

1 . 000 

3525 

1 8 . 33 

S 1 3 

2 . 5383 

0 . 0575 

3.54E-05 

1 . 000 

3675 

19.49 

J. 

8  0  O 

2 . 5988 

0 . 0  6  2  5 

3.91E-05 

1 . 000 

“j  p  CT 

20 . 66 

lL 

c;  - 

2 . 6650 

O .0700 

6. 69E-05 

1 . 000 

3975 

21.91 

y 

400 

2. 7300 

0 . 0  6  O  O 

7. 50E-O5 

1 . 000 

4125 

23.  13 

350 

2. 7950 

O. 0700 

1 . 00E-04 

1 . 000 

4275 

24. 49 

c 

300 

2 . 8700 

0 . 0300 

1.33E-04 

1 . 000 

4425 

25.92 

w 

200 

2.9483 

0. 0775 

1 . 94E-04 

1 . 000 

4575 

27.  43 

hi 

175 

3. 0388 

0. 1025 

2. 93E-04 

1 . 000 

4725 

29 . 09 

w*J 

108 

3. 1375 

0. 0958 

4. 40E-04 

1  .  OOO 

4375 

30 . 38 

L_ 

T  X~A 

~  cr  cr 
:• .  C  J  t  J 

O. 1450 

9. 13E-04 

J. .  000 

5025 

32. 95 

APPENDIX  C 


PECHINEY 

2091-T6  PRECISION  FORGING 


INTRODUCTION 

The  Pechiney  2091-T6  precision  forgings  were  received 
the  third  quarter  of  1986.  Five  participants  tested  this 
material;  Boeing  Commercial  Airplane  Company,  General 
Dynamics  Fort  Worth  Division,  Lockheed  Aeronautical  Systems 
Company,  Martin  Marietta  Manned  Space  Systems  and  Northrop 
Corporation.  Forging  Dimensions  are  shown  in  Figure  Cl. 

TESTING 


Basic  mechanical  properties  (tension,  compression, 
bearing,  etc.)  were  tested  according  to  ASTM  standards, 
unless  otherwise  specified. 

Constant  amplitude  fatigue  crack  growth  test3  were  conducted 
according  to  ASTM  E647  Standard.  The  growth  rate  a-N  data 
that  was  generated  by  the  participant,  Northrop  Corporation, 
was  reduced  using  a  seven-point  incremental  polynomial 
method.  This  involves  fitting  a  second-order  polynomial 
(parabola)  to  sets  of  seven  successive  data  points.  The 
data  are  also  checked  against  size  requirements  per  ASTM 
E647,  Section  7.2. 
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TABLE  Cl 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2091-T6  FORGINGS 


COMPANY  TEST  ORIENT-  ULTIMATE  YIELD 

TEMP  AT I ON  STRENGTH  STRENGTH 

(DEGREES  F)  (XSI)  (KS1) 

ELONG 

(X) 

RA  MODULUS 
(X)  (MSI) 

COMMEN 

BOEING 

RT 

LONG 

73. 

,6 

65. 

,3 

4. 

0 

77. 

9 

66. 

5 

5. 

0 

82. 

,2 

72. 

,3 

8. 

,0 

NORTHROP 

RT 

LONG 

81 . 

.3 

69. 

4 

10. 

0 

9. 

0 

11 . 

.2 

(1) , (2) 

82. 

8 

72. 

.  1 

9. 

,0 

7. 

.5 

11 . 

.4 

(2) 

83. 

,  1 

73. 

0 

8. 

.0 

6. 

4 

11. 

.4 

(2) 

85  . 

.9 

76, 

.  7 

8. 

.0 

7  , 

.5 

11 , 

.  1 

(2) 

80  . 

.  2 

69  . 

,  8 

8. 

,  0 

7  , 

,  1 

11 . 

.5 

(2) 

85. 

.  0 

75, 

.  5 

8. 

.  0 

7  . 

.4 

11 

.3 

(2) 

81  . 

.7 

72. 

.  7 

5. 

.0 

4  . 

.5 

11 . 

.2 

(3) 

61  . 

.  6 

71  , 

.8 

7, 

,0 

5. 

.  7 

1 1 . 

.3 

(3) 

67  , 

.  1 

58, 

.  4 

3. 

.0 

2. 

.0 

1 1 . 

.  2 

(4) 

68  . 

.  0 

56, 

,6 

4 

.0 

3. 

.3 

11 . 

.2 

(4) 

GENERAL 

F.T 

LONG 

84  . 

.  4 

73, 

.  5 

6. 

.7 

DYNAMICS . 

84 

.0 

73, 

.0 

6 

.8 

TEXAS 

LOCKHEED, 

RT 

LONG 

83, 

.9 

72 

.  7 

9 

.0 

12 

.8 

GEORGIA 

80  , 

.  1 

6e 

.  4 

8 

,0 

12 

.5 

80 

.  9 

68. 

.  9 

9 

.  0 

11 

.5 

83. 

.  9 

72  , 

.  4 

8 

.  0 

1 1 

.  1 

83 

.  7 

72 

.7 

9, 

.0 

11 

.8 

MARTIN 

RT 

LONG 

74 

.6 

68 

.4 

2 

.0 

6, 

.  0 

11 

.  4 

MARIETTA, 

81 

.3 

68 

.  7 

5 

.  0 

10 

.0 

11 

.8 

LOUISIANA 

77 

.9 

63 

.  2 

5 

.0 

10 

.0 

1 1 

.8 

AVERAGE 

80.2 

69.7 

6.8 

6.6 

11.5 

STANDARD  DEVIATION 

5 . 0 

5.0 

2.2 

2.4 

0.5 

(1) :  INDICATES  THAT  THE  SPECIMEN  FAILED  OUTSIDE  THE  GAGE  MARKS 

(2)  :  SPECIMEN  REMOVED  FROM  THE  FORGING  BASE 

(3)  :  SPECIMEN  REMOVED  FROM  THE  FORGING  SIDE  WALL 

(4) :  SPECIMEN  REMOVED  FROM  THE  FORGING  END  WALL 
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TABLE  C2 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
FECHINEY  200 1 -T6  FORGINGS 


COMPANY 

TEST 

TEMP 

(DEGREES 

ORIENT¬ 

ATION 

F) 

ULTIMATE 

STRENGTH 

txsn 

NORTHROP 

RT 

L  TRANS 

66.4 

78.6 
63.8 
75.0 

60.6 

71.5 
60.2 
86. 1 

AVERAGE 

68.0 

STANDARD 

DEVIATION 

5.0 

YIELD 

STRENGTH 

(XSI) 

ELONG 

(X) 

RA 

(X) 

MODULUS 

(MSI) 

COMMENT 

70.0 

5.0 

11.2 

11.4 

(1) . (2) 
(2) 

68.3 

3.0 

11.3 

11.2 

(1) . (2) 
(1) . (2) 

66.0 

1.0 

2.0 

11.2 

10.8 

(1)  .  (2) 
(1) . (2) 

63.2 

2.0 

11.3 

(4) 

58.7 

2.0 

11.1 

(4) 

65.4 

2.5 

11.2 

4.7 

1.4 

0.2 

(1) :  INDICATES  THAT  THE  SPECIMFJW  FAILED  OUTSIDE  THE  GAGE  MARKS 

(2)  :  SPECIMEN  REMOVED  FROM  THS  FORGING  BASE 

(3)  :  SPECIMEN  REMOVED  FROM  TBE  FORGING  SIDE  WALL 

(4)  :  SPECIMEN  REMOVED  FROM  THE  FORGING  END  WALL 
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TABLE  C3 


TENSILE  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2001 -T6  FORCINGS 

COMPANY  TEST  ORIENT-  ULTIMATE  YIELD  ELONG  RA  MODULUS  COMMENT 


TEMP  AT I ON 

(DEGREES  F) 

STRENGTH 

(KSI) 

STRENGTH 

(KSI) 

(X) 

LOCKHEED . 

RT  S  TRANS 

66.7 

6.0 

GEORGIA 

72.2 

6.0 

66.6 

6.0 

70.0 

6.0 

72.1 

6.0 

AVERAGE  70.1  6.0 

STANDARD  DEVIATION  2.4  0.0 
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TABLE  C4 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2091-T6  FOROINGS 


COMPANY 

TEST 

ORIENTATION 

COMPRESSIVE 

COMPRESSIVE 

TEMPERATURE 

YIELD  STRENGTH 

MODULUS 

(DEGREES  F) 

(XSI) 

(MSI) 

BOEING 

RT 

LONG 

68.6 

72.4 

70.4 

NORTHROP 

RT 

LONG 

67.3 

11.7 

73.8 

11.6 

75.4 

11.8 

LOCKHEED . 

RT 

LONG 

67.0 

GEORGIA 

62.0 

64.7 

62.7 

65.6 

GENERAL 

FT 

LONG 

57.7 

DYNAMICS . 

TEXAS 

MARTIN 

RT 

LONG 

73.4 

12.2 

MARIETTA. 

64.3 

12.  : 

LOUISIANA 

AVERAGE 

67.5 

11.9 

STANDARD  DEVIATION 

5.1 

0.3 

NOTE:  NORTHROP  SPEC I KENS  TAKEN  FROM  FORGING  SIDE  WALL. 
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TABLE  C5 


COMPRESSION  RESULTS  AT  t/2  LOCATION  FOR 
PECHINEY  2091-T6  FORGINGS 


» 

COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(KSI ) 

COMPRESSIVE 

MODULUS 

(MSI) 

a 

MARTIN 

MARIETTA. 

LOUISIANA 

RT 

L  TRANS 

61  .7 
60.2 

12.0 

12.0 

AVERAGE  61.0  12.0 

STANDARD  DEVIATION  1.1  0.0 
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TABLE  C6 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
PECHINEY  2O01-T6  FORGINGS 


COMPANY 

ORIENTATION 

SHEAR 

STRENGTH 

(KSI) 

NORTHROP 

L-S 

38.6 

30.5 

38.0 

LOCKHEED . 

L-S 

38.7 

GEORGIA 

40.4 

30.8 

AVERAGE 

38.3 

STANDARD  DEVIATION 

0.7 

NOTt:  NORTHROP  SPECIMENS  TAKEN  FROM  FORGING  SIDE  WALL. 


% 
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TABLE  C7 


COMPANY 

NORTHROP 

LOCKHEED . 
GEORGIA 

NOTE: 


AMSLER  DOUBLE  SHEAR  RESULTS  FOR 
PECHINEY  2O01-T5  FORGINGS 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


T-S  38.0 

37.  I 
35.8 

T-S  30.0 

42.4 

38.3 

AVERAGE  38.4 

STANDARD  DEVIATION  2.2 


NORTHROP  SPECIMENS  TAKEN  FROM  FORGING  SIDE  WALL. 
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TABLE  C8 


COMP AMY 


BOEINQ 


SLOTTED  SHEAR  RESULTS  FOR  PECHINEY 
2001-T6  FORQINOS 


ORIENTATION  SHEAR 

STRENGTH 
(KSI ) 


LONG  43 . 3 

44.0 

43.  1 


AVERAGE  43.8 


STANDARD  DEVIATION 


1.0 


* 
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TABLE  C9 


BEARING  RESULTS  FOR  FECHXNEY 
2081 -TO  FORGINGS 


COMPANY  ORIENTATION  «/D  BEARING  BEARING 


ULT. 

STR. 

(KSI) 

YIELD  STR. 
(KSI) 

BOEING 

LONG 

1.5 

73.8 

65.6 

62.7 

65.8 

65.5 

72.3 

NORTHROP 

LONG 

1.5 

103.8 

87.7 

85.0 

81.8 

88.8 

82.2 

LOCKHEED . 

LONG 

1.5 

85.3 

84.7 

GEORGIA 

88.0 

85.7 

102.2 

86.3 

AVERAGE 

83.0 

78.1 

STANDARD 

DEVIATION 

10.1 

8. 8 

NOTE :  NORTHROP 

SPECIMENS  REMOVED 

FROM  FORGING 

SIDE 

WALL. 
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TABLE  CIO 


BEARING  RESULTS  FOR  PECHINEY 
2081 -TO  FORGINGS 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSI) 

BEARING 
YIELD  STR. 
(KSI) 

BOEING 

LONG 

2.0 

142.3 

144.8 

142.0 

105.3 

112.8 

105.7 

NORTHROP 

LONG 

2.0 

134. B 
138.6 
136.4 

104.3 

105.1 

105.0 

GENERAL 

DYNAMICS. 

TEXAS 

LONG 

2.0 

128.0 

116.0 

LOCKHEED . 
GEORGIA 

LONG 

2.0 

128.2 
126. 1 
132.8 

108.8 

105.1 

108.2 

AVERAGE 

135.8 

107.7 

STANDARD 

DEVIATION 

6.1 

4.0 

NOTE :  NORTHROP 

SPECIMENS  REMOVED 

FROM  FORGING 

SIDE  WALL. 
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TABLE  Cll 


COMPANY 


GENERAL  • 
DYNAMICS. 
TEXAS 


BEARING  RESULTS  FOR  PECHINEY 
2081 -TO  FORGINGS 


ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(XSI) 

BEARING 
YIELD  STR. 
(KSI) 

L  TRANS 

2.0 

128.  C 

87.2 

AVERAGE 

128.0 

87.2 

STANDARD 

DEVIATION 
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TABLE  Cl 2 


FRACTURE  TOUGHNESS  RESULTS  FOR 
PECHINEY  2091-T6  FORGINGS 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  IN* 0 . 5)  (KSI  IN*0 . 5) 


NORTHROP 

L-T 

20.1 

(1)  , (3)  .  (4) 

22.2 

(2)  .  (3)  .  (4) 

MARTIN 

L-T 

25. B 

(4) . (5) 

MARIETTA. 

27.6 

(4)  .  (5) 

LOUISIANA 


AVERAGE  26 . 2 

ST ANT ARC  DEVIATION  3.0 


(  1 '  :  W*  1 . 0 

(2)  :  W=0 . 8 

(3)  :  SPECIMEN  REMOVED  FROM  FORGING  BASE 

(4)  :  INVALID 

(5) :  VIOLATES  SPECIMEN  THICKNESS  REQUIREMENTS 
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TABLE  Cl  3 


FRACTURE  TOUGHNESS  RESULTS  FOR 
PECHINEY  2091-T6  FORGINGS 


COMPANY  ORIENTATION  KIC  Kq  COMMENT 

(KSI  IN'O . 5)  (KSI  IN*0 . 5) 


NORTHROP 

T-L 

24.1 

27.4 

(1)  .  (3)  ,  (4) 

(2)  .  (3)  .  (4) 

GENERAL 

T-L 

25.9 

(5) 

DYNAMICS. 

TEXAS 

20.4 

(5) 

MARTIN 

T-L 

22.0 

(4) . (7) 

MARIETTA, 

25.3 

(4) . (7) 

LOUISIANA 


AVERAGE  24.2 

STANDARD  DEVIATION  2.6 


(  1 )  :  W=  1 . 0 

(2) :  W=0.8 

(3) :  SPECIMEN  REMOVED  FROM  FORGING  BASE 

(45:  INVALID 

(5) :  INVALID  DUE  TO  -  INSUFFICIENT  THICXNESS,  Pmax/Pq  >  1.10, 

AND  MINIMUM  SURFACE  CRACK  LENGTH  <  S07. 

(6) :  INVALID  DUE  TO  -  Proax/Pq  >  1.10,  MINIMUM  SURFACE  CRACK  LENGTH 

<  907..  AND  CRACK  CURVATURE  >  57. 

(7)  :  VIOLATES  SPECIMEN  THICKNESS  REQUIREMENTS 
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/dN  (mm/CYCLE) 


TABLE  Cl 4 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  C2 


Seven  Point  Incremental  Polynomial  Method  par  ASTM  E647 
09-27-1989 

Soaciman  Number!  3207  Soeciman  Typai  CT 

B*  0.2520  in  W»  2.0250  in  An»  0.0000 
Prnax"  850. 0  lbs  Pmin"  85.0  lbs 

R»  0.10  Frequency"  10.00  hi. 

Test  Temperature"  75  F  Environment"  957.  RH 


PT 

OVCLES 

Affitat 

Areq 

MCC 

Delta  K 

da/dN 

1 

0.00 

0.4615 

2 

100.00 

0.4793 

3 

194.00 

0.3123 

4 

326. 10 

0.3610 

0.3903 

0.916447 

11.85 

. 1260E-0S 

5 

352.00 

0.3995 

0.6223 

0.939335 

12.22 

. 1 BOSE -05 

6 

373.70 

0.  6300 

0.6504 

0.  992076 

12.66 

. 2306E-03 

7 

432.00 

0.8120 

0.0124 

0.999063 

13.38 

• 4251E-03 

8 

437.00 

0.8320 

0.8348 

0.999343 

16.04 

. 4761E-05 

9 

441.00 

0.0510 

0.8569 

0.991889 

16.32 

. 6302E-03 

10 

443.50 

0.0660 

0.8613 

0.978287 

16.62 

. 7B29E-05 

11 

449.00 

0.0993 

0.9058 

0.964758 

17.66 

• 1582E-04 

12 

432.00 

0.9460 

0. 9490 

0.974070 

18.76 

. 2670E-04 

13 

435.00 

1.0120 

14 

437.00 

1.1170 

IS 

438.00 

1 . 2000 
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/dN  Imm/CYCLE) 


TABLE  Cl  5 


Fatigue  Crack  Growth  Rate  Data 
Associated  with  Figure  Co 


Savin  Point  Incranantal  Pplvnoaiial  Mathod  par  ASTM  E647 
09-27-1989 

Spaci man  Numban  3307  Soaciman  Typai  CT 

B«  0.2500  in  W-  2.0020  in  An»  0.0000 
Fmax"  560.0  lb*  Pain"  56.0  lbs 

R«  0.10  Frequency"  10.00  hz. 

Tast  Temperature"  76  F  Environment"  95%  RH 


PT  CVCLES  Amaas  Areq  MCC  Oalta  K  da/dN 


1 

0.00 

0.  4985 

2 

168.00 

0.  5055 

3 

368.00 

0.5200 

4 

814.00 

0.5975 

0.5950 

5 

914.00 

0.6175 

0.6183 

6 

1014.00 

0.6430 

0.6448 

7 

1 100.00 

0.6670 

0.6681 

B 

1150.00 

0.6845 

0.6654 

9 

1192.00 

0.7025 

0.7012 

10 

1280.00 

0.7435 

0.7522 

11 

1310.00 

0.7715 

0.7884 

12 

1330.00 

0.8000 

0.8333 

13 

1355.00 

0.9150 

0. 9226 

14 

1359.00 

0.9445 

0.9455 

15 

1361.20 

0.9610 

0.9613 

16 

1364.00 

0. 9840 

0.9846 

17 

1366.20 

1 . 0060 

1 . 0036 

18 

1369.20 

1 . 0280 

1 . 0352 

19 

1370.00 

1.0475 

1.0448 

20 

1371.70 

1 . 0680 

1.0640 

21 

1373.20 

1 . 0875 

1.0813 

22 

1378.00 

1.1590 

1.1748 

23 

1379.50 

1.2160 

1.2273 

24 

1 380. 00 

1.2425 

25 

1380.50 

1 . 2770 

26 

1381.00 

1.3425 

0.999616 

7.95 

.2181E-06 

0.999504 

8.19 

• 245SE-06 

0.998416 

8.  48 

. 279BE-06 

0.999107 

8.73 

. 3465E-06 

0.995776 

8.93 

. 41 45E-06 

0.988609 

9.11 

. 3023E-06 

0.907354 

9.73 

. 1273E-OS 

0.942234 

10.20 

.  2186E-05 

0.966970 

10.83 

.  3099E-05 

0.993375 

12.25 

.  5622E-05 

0.999493 

12.67 

.  7386E-05 

0.999589 

12.96 

.  7B94E-03 

0.994968 

13.42 

. BB60E-05 

0.993728 

13.82 

. 9919E-05 

0.994112 

14.52 

. 1 174E-04 

0.996347 

14.74 

.  1 194E-04 

0. 988877 

15.21 

.  1364E-04 

0.984883 

15.67 

.  15I5E-04 

0.983163 

18.49 

• 3012E-04 

0.973899 

20.50 

.  5377E-04 

DATA  VIOLATES  SIZE  REQUIREMENTS 
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APPENDIX  D 


PECHINEY 

8090-T651  T-EXTRUSION 

INTRODUCTION 

The  Pechiney  8090-T651  T-Extrusion  was  received  the 
fourth  quarter  of  1986,  Dimensions  of  the  T-Extrusion  are 
0.19"  x  2.5"  x  3.0"  x  79".  Pour  participants  tested  this 
material;  Boeing  Commercial  Airplane  Company  WA,  General 
Dynamics  Fort  Worth  Division,  LTV  Aircraft  Products  Group 
TX,  and  the  Navy  (Naval  Air  Development  Center). 

TESTING 

Basic  mechanical  properties  (tension,  compression, 
bearing,  etc.)  were  tested  according  to  ASTM  standards, 
unless  otherwise  specified. 
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TABLE  D1 

TENSILE  RESULTS  FOR  PECHINEY 
6090-T651  T- EXTRUSION  (O.IO*  X  2.8*  X  3*  X  70*) 


* 

COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT' 
AT  I  ON 

\ 

BOEING 

RT 

LONG 

GENERAL 
DYNAMICS . 
TEXAS 

RT 

LONG 

NADC 

RT 

LONG 

LTV 

RT 

LONG 

AVERAGE 
STANDARD  DEVIATION 


ULTIMATE 

STRENGTH 

(XSI) 

YIELD 

8TRENGTH 

(XSI) 

ELONG 

(X) 

RA 

(X) 

E 

(MSI) 

77.4 

66.8 

6.0 

77.8 

67.0 

8.0 

77.4 

67.0 

6.0 

61.0 

71.8 

6.8 

77.1 

66.3 

2.8 

60.3 

70.8 

8.7 

80.7 

70.8 

4.8 

76.0 

66.8 

3.0 

10.4 

61.2 

72.4 

3.0 

11.8 

60.7 

71.3 

3.0 

10.0 

62.2 

72.4 

3.0 

8.8 

78.8 

66.8 

6.1 

11.6 

77.4 

6B.8 

7.2 

11.6 

78.8 

69.2 

6.9 

1..6 

79.0 

68.4 

8.4 

10.8 

2.0 

2.1 

2.1 

0.9 

* 
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TABLE  D2 

TENSILE  RESULTS  FOR  FECHINEY 


8000-T65 I  T-EXTRUSION  (0.10*  X  2.5*  X  3*  X  70‘) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENT¬ 

ATION 

ULTIMATE 

STRENGTH 

(KSI) 

YIELD 

STRENGTH 

(KSI) 

XLONG 

(X) 

RA 

(X) 

E 

(MSI) 

GENERAL 

DYNAMICS. 

TEXAS 

RT 

L  TRANS 

70.4 

78.2 

80.5 

80.6 

4.4 

4.5 

AVERAGE 

78.  S 

60.6 

4.5 

STANDARD 

DEVIATION 

0.1 

0.1 

0.1 
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TABLE  D3 

COMPRESSION  RESULTS  FOR  PECHINEY 
6000-T651  T-EXTRUSION  (0.10*  X  2.5*  X  3*  X  70*) 


COMPANY 

TEST 

TEMPERATURE 
(DEGREES  F) 

ORIENTATION 

COMPRESSIVE 
YIELD  STRENGTH 
(XSI) 

COMPRESSIVE 

MODULUS 

(MSI) 

BOEING 

RT 

LONG 

66. 0 

67.1 

67.7 

AVERAGE  07.6 

STANDARD  DEVIATION  0.5 
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TABLE  D4 

SLOTTED  SHEAR  RESULTS  FOR  FECHINEY 


C0M7ASY 


BOEING 


COMPANY 


GENERAL 

DYNAMICS, 

TEXAS 


8090-T651  T-EXTRUSION  <0.19*  X  2.5*  X  3*  X  79*) 


ORIENTATION  SHEAR 

STRENGTH 

(XSI) 


LONG  42.5 

42.5 

42.5 

AVERAGE  42 . 5 

STANDARD  DEVIATION  0.0 


TABLE  D5 

SLOTTED  SHEAS  RESULTS  TOR  "FECHINEY 
8090-T551  T-EXTRUSION  (0.19*  X  2.5*  X  3*  X  79*) 


ORIENTATION  SHEAR 

STRENGTH 

(KSI) 


L  TRANS  41.7 

41.2 


AVERAGE  41.5 

STANDARD  DEVIATION  0.4 


ft 
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TABLE  D6 

10SXPESCU  SHEAR  RESULTS  FOR  FECHXNEY 


* 

COMPANY 

1 


LTV 


COMPANY 


LTV 


» 


B000-T651  T- EXTRUSION  (0.18*  X  2. S’  X  3*  X  70*) 


ORIENTATION  SHEAR 

8TRENQTH 

(XSI) 


LONG 


41.4 
40.6 

42.5 


AVERAQE 
STANDARD  DEVIATION 


41.5 

1.0 


TABLE  D7 

XOSIPESCU  SHEAR  RESULTS  FOR  PECHINEY 
8090-T65 1  T- EXTRUSION  (0.10*  X  2.5’  X  3*  X  70’) 


ORIENTATION  SHEAR 

STRENGTH 

(XSI) 


L  TRANS 


30.5 

40.4 

30.3 


AVERAQE 
STANDARD  DEVIATION 


30.7 

0.6 
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TABLE  D8 

BEARING  RESULTS  FOR  PECHINEY 
8080-T651  T-EXTRUSION  (O.l©*  X  2.5*  X  3*  X  7©*) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 
ULT.  STR. 
(KSX) 

BEARING 
YIELD  STR. 
(XSI) 

BOEING 

LONG 

1.5 

103.4 

00.2 

105.5 

©4.6  « 

107.6 

©5.5  • 

GENERAL 

LONG 

1.5 

106.0 

04.3 

DYNAMICS. 

104.0 

©1.2 

TEXAS 

LTV 

LONG 

1.5 

105.5 

©7.4 

107.0 

©6.2 

106.2 

©3.3 

AVERAGE 

105.8 

©4.1 

STANDARD 

DEVIATION 

1.4 

2.4 

(«):  INDICATES  SHEAR  TEAR  OUT  FAILURE 


i 
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TABLE  D9 

BEARING  RESULTS  FOR  FECHI1ZEY 


8090-T651  T-EXTRUSION  (0.19*  X  2.5*  X  3*  X  79*) 


COMPANY 

ORIENTATION 

•  /D 

BEARING 

BEARING 

ULT.  8TR. 

YIELD  STR. 

(KSI) 

(KSI) 

BOEING 

LONG 

2.0 

131.8 

105.1 

138.6 

113.1 

135.2 

111.4 

GENERAL 

LONG 

2.0 

116.0 

106.0 

DYNAMICS. 

TEXAS 

135.0 

107.0 

LTV 

LONG 

2.0 

135.6 

136.0 

116.4 

133.6 

111.2 

AVERAGE 

132.7 

110.0 

STANDARD 

DEVIATION 

7.0 

4.1 

(•):  INDICATES  SHEAR-TENSION  FAILURE 
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TABLE  DIO 

FATIGUE  RESULTS  WITH  R-O.l  AND  Xt>2.8  FOR 
FECHINEY  8O0O-T6S1  T-EXTBUSIOV  (0.18*  X  2.8*  X  3*  X  70*) 


COMPANY 


LTV 


ORIENTATION 


LONG 


STRESS 

(XSI) 

CYCLES 

22.0 

64.800 

22.0 

68.700 

21.2 

83.700 

10.8 

213.000 

10.8 

70.800 

10.8 

176,700 

17.3 

210.100 

16.8 

212.300 

16.0 

300.200 

18.0 

341.600 

14.0 

1.000.000  • 

<•):  INDICATES  A  RUN-OUT  TEST 


1 77  *U.S.Qov«rnm«nt  Printing  Oftlct:  1990-748-05 6/24460 


Figure  Dl  Fatigue  Results  for  8090-T651  T-Extruslon  (R*0.1,  Kt"2.8).  LTV. 


